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Abstract
The re la t io n sh ip  between the D is t in c t iv e  Feature (DF) [±Voice] 
and i t s  acoust ic  manifestation has generated a g rea t  deal of discussion 
in recent  years .  Although i t  i s  well known th a t  the phonological 
voicing co n t ra s t  is  of ten not manifested in terms of actual g lo t t a l  
pu lsa t ion ,  the exact acoust ic  manifesta t ion has been debated.
The c o l lec t ion  of papers presented here in  considers  perceptual 
evidence fo r  the acoust ic  manifesta t ion of  [±Voice] in English stops 
in u t te ra n ce - f in a l  po s i t io n ,  produced without  re lea se  and with no 
g lo t t a l  pulsat ion during c losure .  I t  i s  concluded t h a t  in such cases,  
the primary acoust ic  cue to [±Voice] is  the preceding vocal ic  t r a n ­
s i t i o n .  That i s ,  l i s t e n e r s  are able to p re d ic t  the voicing c h a rac te r ­
i s t i c  of a following stop on the basis  of  the vocalic  t r a n s i t i o n .
In p a r t i c u la r ,  i t  appears t h a t  a f a l l i n g  FI t r a n s i t i o n  cues a following 
[+Voice] s top,  while a level FI t r a n s i t i o n  cues a following [-Voice] 
stop.
Although another acous t ic  c o r re la t e  of [±Voice] in pos t-voca l ic  
stops is  the duration of  the preceding vowel (a long vowel = a [+Voice] 
s top) ,  t h i s  acoust ic  property appears to funct ion as a voicing cue 
only a t  extreme vowel durat ions  or under o the r  abnormal circumstances.
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Introduction
All of the papers in t h i s  c o l l e c t io n  deal in some way with 
the r e la t io n sh ip  between the D is t in c t iv e  Feature (DF) [±Voice] 
and the manifestat ion of  t h a t  DF in the acous t ic  signal in English 
speech. For reasons t h a t  wil l  be discussed l a t e r  the s tud ies  are 
l im i ted  to stop consonants,  and, with the exception of the l a s t  
paper,  they a l l  deal with t a u to s y l l a b i c  stops in pos t-voca l ic  
pos i t ion .
The two se r ie s  of English stops are t r a d i t i o n a l l y  thought to 
be opposed, or  d is t inguished  from each o the r ,  on the basis  of 
voicing.  That i s ,  i t  i s  conventional to  claim t h a t  / p , t , k /  are 
d is t ingu ished  from / b , d , g /  by the presence of g l o t t a l  pu lsa t ion  
during / b , d , g /  and the absence of such pu lsa t ion  during / p , t , k / .  
Thus, pa i r s  of words such as the following are  genera l ly  held to 
d i f f e r  from each other  minimally in terms of the voicing of the 
con t ras t ing  stop.
pet  bet





While there  is  no doubt t h a t  t h i s  is  t ru e  a t  some level of mental 
rep re sen ta t io n ,  the f a c t  is  t h a t  s tops ,  as represented in the ■ 
acoust ic  s igna l ,  are seldom d is t ingu ished  on t h i s  bas is  in English.
1
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For example, i t  i s  quite  usual fo r  English speakers to produce stops  
occurring in s y l l a b l e - i n i t i a l  pos it ion  without g lo t t a l  pu lsa t ion  during 
the c losure .  In t h i s  case , the d i f f e r e n t i a t i n g  acoust ic  c h a r a c t e r i s t i c  
is  the presence or absence of a s p i r a t io n ,  which is  f requent ly  r e fe r red  
to as voice onset time (VOT): the [-Voice] s tops ,  / p , t , k / ,  are a s p i ­
ra ted ;  the [+Voice] s tops ,  / b , d , g / ,  are not a sp i ra ted .
There is  every reason to bel ieve t h a t  English speakers think 
(of course, not consciously,  a t  l e a s t  in the case of naive speakers) 
of these sounds as being d is t inguished  on the bas is  of whether g lo t t a l  
pulsa t ion  occurs or not.  For example, i f  one should ask a na t ive  
speaker of English to a r t i c u l a t e  the s ingle  segment Jd, the response 
will  be something l ik e  [ b A ] ,  with heavy g lo t ta l  pulsa t ion accompany­
ing and perhaps even preceding the / b / .  Even more important ly, 
however, the re  does not seem to be any other  way to account fo r  the 
d i s t r i b u t io n  of noun plural  endings; i . e . ,  the voiced / z/  is  added 
to words ending in / b , d , g /  and the voiceless  / s /  is  added to words 
ending in / p , t , k / .
I t  i s  cur ious ,  then, t h a t  on one level speakers organize these 
sounds in terms of one f e a tu re ,  [±Voice],  and on another  level in 
terms of  a q u i te  d i f f e r e n t  f ea tu re ,  which we might ca l l  [±Aspira t ion] .  
That the two must be re la te d  in some way is  shown by the f a c t  t h a t  
even though l i s t e n e r s  hear the presence or absence of [A sp i ra t ion ] ,  
they perceive the presence or absence of [Voice].  How the l i s t e n e r  
makes connections of t h i s  so r t  is  an in te re s t in g  topic  which wil l  
be touched upon l a t e r .
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I t  is  in p o s t -v o ca l ic ,  u t t e ra n c e - f in a l  p o s i t io n ,  however, 
t h a t  we f ind  the most i n t e r e s t i n g  acoust ic  manifes ta t ion  of [±Voice] 
in s tops .  In t h i s  po s i t io n  stops are  of ten unexploded; i . e . ,  the 
l a s t  ac o u s t ic a l ly  s i g n i f i c a n t  ges ture  made by the a r t i c u l a t o r s  is 
c lo su re ,  the acous t ic  m anifes ta t ion  of which i s ,  of course, s i lence .  
Furthermore, j u s t  as in i n i t i a l  p o s i t io n ,  f ina l  [+Voice] stops are 
of ten produced without g l o t t a l  pu lsa t ion .  In such cases e i t h e r  
n e u t r a l i z a t io n  must occur ( e . g . ,  the d i s t i n c t io n  between such pa i rs  
as pot/ pod must be o b l i t e r a t e d ) ,  or the acoust ic  cue to [±Voice] 
must res ide  in some p a r t  of the signal p r io r  to the c losure .  In f a c t ,  
n e u t r a l i z a t io n  does not occur,  as pa i r s  such as pot/ pod remain per­
cep tua l ly  d i s t i n c t  whether g lo t t a l  pulsa t ion  and r e lease  occur or 
not.  Thus, i t  i s  apparently  the case t h a t  the acous t ic  manifesta­
t ion  of  [±Voice] in the stop occurs p r io r  to the c losu re ,  and, 
t h e re fo re ,  is  coterminous with another  segment, in th is  case,  the 
preceding vowel.
The f i r s t  four  papers attempt to answer the following questions 
which are ra i sed  by t h i s  s i t u a t i o n .
1. What acous t ic  property  or  p roper t ies  in the signal 
represent  [±Voice] in an unexploded, u t te ra n ce - f in a l  
stop produced without g lo t t a l  pu lsa t ion  during the 
closure?
2. Since there  appear to  be a t  l e a s t  two such acoust ic  
p ro p e r t i e s ,  do they form a hierarchy in terms of
sal iency?
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3. How do speakers acquire  the a b i l i t y  to i n t e r p r e t  acous t ic  
proper t ies  occurring during the vocal ic  por t ion of the 
signal as apper ta in ing to a segment not y e t  a r t i c u la t e d ?
The f i r s t  paper demonstrates t h a t  one of the  acous t ic  p roper t ie s  
often proposed as a cue to [±Voice] in a following s top ,  i . e . ,  the 
durat ion of the preceding vowel, must be the r e s u l t  of  a phonological 
ru le .  While i t  i s  well known th a t  vowels are longer  before [+Voice] 
than before [-Voice] consonants,  most attempts to explain  th i s  
phenomenon have f a i l e d  because they have assumed t h a t  lengthening 
is  e i t h e r  ' l ea rned '  (without e x p l i c i t  motivat ion)  or  is  caused by 
physical f ac to rs  alone ( e . g . ,  physical l im i ta t io n s  of the vocal 
t r a c t ) .  These assumptions are the r e s u l t  of a f a i l u r e  to  d is t in g u ish  
between physiological (physical)  and phonological ( a b s t r a c t )  d e f i n i ­
t ions  of 'v o ic in g 1. (P hys io log ica l ly ,  'vo ic ing '  i s  the presence of 
g lo t t a l  pulsa t ion during the production of a segment; phonological ly ,  
i t  i s  the a b s t r a c t  property  t h a t ,  fo r  example, d ivides  English seg­
ments into those th a t  take an / s /  p lura l  and those t h a t  take a / z /  
p l u r a l . )  Spectrographic a n a ly s is ,  however, in d ica te s  t h a t  vowel 
lengthening in English i s  t r igge red  by phonological r a th e r  than phy­
s io log ica l  'v o ic in g ' .
The second paper demonstrates t h a t  a powerful cue to [±Voice] 
in a pos t-vocal ic  stop must re s ide  in the f ina l  por t ion of the vowel. 
O'Kane (1978) performed a perceptual experiment to t e s t  the hypothesis 
th a t  the cue to [±Voice] in a f i n a l ,  pos t-voca l ic  stop in English 
is  contained in the terminat ion of the preceding vowel. He concludes
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t h a t  vowel length ,  and not vowel terminat ion ,  i s  the major perceptual 
cue. However, O'Kane's study is  inadequate,  because i t  f a i l s  to 
account fo r  his  sub jec ts '  a b i l i t y  to p red ic t  the voice value of a 
(missing) f ina l  stop, even when the length of the preceding vowel 
was held cons tant.  In f a c t ,  h is  r e s u l t s  in d ica te  t h a t  the f in a l  
60-80 ms of vowels preceding [+Voice] stops does contain  a cue to 
voicing,  although the s p ec i f ic  physiological  and acous t ic  c o r r e l a t e s  
of the cue are not c le a r .
The th i rd  paper is  the report  of an experiment which attempts  
to v e r i fy  the r e su l t s  of  Raphael (1972), using rea l-speech  tokens. 
Raphael (1972) demonstrates t h a t ,  a t  l e a s t  f o r  h is  sy n th e t ic  
tokens,  l i s t e n e r s  u t i l i z e  vowel length as a cue to [±Voice] in a 
following stop,  in a continuous manner. That i s ,  the re  i s  a range 
of  vowel durat ions above which l i s t e n e r s  will  p re d ic t  a following 
[+Voice] stop and below which they will  p red ic t  a following [-Voice] 
s top.  However, within t h i s  range l i s t e n e r s '  p red ic t ions  wil l  vary 
depending on the spectra l conf igurat ion of the vowel terminat ion:  
a f a l l i n g  FI cues a [+Voice] s top; a level FI cues a [-Voice] stop.  
The experiment reported in the th i rd  paper corrobora tes  the f indings  
of Raphael (1972), although the c r i t i c a l  durat ions  are  s h i f t e d  
down 70-80 ms. I t  is  concluded th a t  s ince the vowel t r a n s i t i o n  
serves as the operat ive cue during the in termediate  range of vowel 
dura t ions ,  then the only possib le  function of  vowel durat ion  as a 
cue is  e i t h e r  to re in force  or to override the  t r a n s i t i o n  cue a t  
extremely long and short  vowel dura t ions .  In o ther  words, vowel 
length is  ( a t  bes t)  a redundant cue or ( a t  worst) a misleading cue.
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The fourth  paper i s  a review of the l i t e r a t u r e  dealing with 
t h i s  same to p ic .  Both vowel length and vowel t r a n s i t i o n  have been 
shown to cue [±Voice] in pos t-voca l ic  stops in English, even in the 
absence of the stop c losure  and r e l e a s e . In t h i s  paper f iv e  s tudies  
are  examined which can be in te rp re te d  as supporting the vowel 
t r a n s i t i o n  as the primary cue. Vowel length ,  as noted above, is  
capable of  overr id ing the t r a n s i t i o n  cue a t  extreme vowel dura t ions .  
This is  explained as an a s so c ia t iv e  process: speakers apparently 
-learn to a s so c ia te  vowel durat ion with [±Voice]; however, they use 
vowel length as a cue only under a r t i f i c i a l  or  abnormal circumstances.
The f i f t h  and f in a l  paper discusses  the use of the acous t ic  
signal as evidence fo r  the phonological in ten t ion  of the speaker.
I t  i s  natural to  make use of the speech produced by speakers with 
wel l -def ined  brain  damage to  a r r iv e  a t  some notion as to how speech 
might be represented  and processed in the b ra in .  This l a s t  paper 
explores some of  the p i t f a l l s  of such an approach. Blumstein e t  a l . 
(1980) attempt to determine whether ce r ta in  apparent  phonemic 
s u b s t i t u t i o n s  occurring in the speech of Broca's aphasics are 
phonemic or phonetic e r r o r s .  In p a r t i c u l a r ,  t h i s  study measures 
the VOT of w o rd - in i t ia l  stops in speech produced by Broca subjects  
and then at tempts to d iscover ,  based on these measurements, a t  
what level  the breakdown occurs.  My paper points  out and discusses  
various problems with t h i s  study: using VOT as the acous t ic  cue 
of  i n t e r e s t ,  l im i t ing  the study to w o rd - in i t ia l  po s i t io n ,  and 
using a compromising c a r r i e r  phrase. Although the moral is  not 
e x p l i c i t l y  drawn, t h i s  c r i t i c i s m  of an attempt to see an overly
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d i r e c t  connection between the acoust ic  signal and the underlying 
mental system might be extended to normal speech production as 
w e l l .
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Vowel length and 'voicing' in a following consonant
Thomas Whlsh and Frank Parker
L in g u istics  Program, Louisiana S ta te  U niversity, B aton  R ouge, L ou isiana  70803 , U .S .A . 
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A bstrac t :  Most a t te m p ts  to  explain vowel lengthening befo re  voiced c o n so n ­
an ts  have failed because they  have assumed th a t  leng then ing  is e ither 
‘lea rned’ (w i th o u t  explicit m otiva t ion)  o r  is caused by physical 
factors alone (e.g. physical l im itations o f  th e  vocal trac t) .  These 
assum ptions are the  result o f  the  failure to  dis tinguish be tw een  
physiological (physical) and phonological (a b s t ra c t )  def in i t io ns  o f  
‘voicing’. (Physiologically, ‘voicing’ is the  presence o f  vocal cord 
vibration during  closure; phonologically ,  it is th e  abs trac t  p ro pe r ty  
th a t ,  fo r  exam ple, divides English segments in to  those th a t  tak e  an 
/s/  plural and  those tha t  take  a / z /  plural.) S pec trog raph ic  analysis, 
however, indicates  th a t  vowel lengthening in English is tr iggered by 
phonological ra th e r  than physiological ‘voicing’. T he  acquis it ion  o f  
the  lengthening rule is in tu rn  m otivated  by pe rcep tua l  factors. 
Speakers perceive vowels before phonologically  ‘voiced’ conson an ts  
as longer than those before phonologically  ‘voiceless’ conso nan ts  
(Javkin , 1976).
It is well known that vowels arc typically lengthened before voiced consonants am ong the 
languages o f  the world and that this effect is particularly apparent in English (see Javkin, 
1976, for references). However, the explanation for this phenom enon has been a particularly 
elusive goal. Raphael (1975), for example, conducted two electromyographic experiments 
to determine what sort o f  muscular activity underlies the durational differences in vowels 
before voiced and voiceless consonants. From the results o f  his study , Raphael concludes 
that muscular activity is maintained longer during vowels before voiced consonants than in 
those before the corresponding voiceless consonants. Although Raphael’s account may be 
accurate physiologically, it is tautological linguistically: it essentially states that vowels 
before voiced consonants are longer because speakers sustain the articulatory gesture for 
them longer. In short, Raphael’s study answers the question o f  w hat happens but not w hy  
it happens.1
Raphael’s analysis is noteworthy, however, not because it is incorrect (for it apparently 
is not) ,  b u t  because it is particularly reductive. It appears to be a logical extension o f  many
'I t  is only fair to emphasize that Raphael makes it clear th a t he is interested 
only in the  physiological activity which underlines durational differences. 
However, his conclusions may be misleading, since he a ttrib u tes explanatory 
power to his findings. For example, he states, “ Results indicate that the 
m ost reasonable hypothesis explaining the durational differences is the one 
which posits a sustention o f  muscular activity in the  articulatory  gesture o f 
the vowel preceding voiced consonants”  (1975, p. 25 ; emphasis added). 
Raphael may have determ ined the physiological mechanism  used to implement 
vowel lengthening, but in no sense has he explained the  lengthening.
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earlier attempts to account for this same phenomenon, in which a direct, physical cause 
and effect relationship is proposed between vowel lengthening and vocal cord vibration 
(or, more generally, laryngeal activity) in a following consonant (see Javkin, 1976, for 
references).
We believe, however, that a major stumbling block to accounting for the effect o f  a 
’voiced’ consonant on a preceding vowel has been the often overlooked fact that the term 
‘voicing’ can be understood in two totally different ways. It can be defined physiologically  
as the presence or absence o f  vocal cord vibration during the articulation o f  the consonant, 
or it can be defined phonologically  as the abstract distinctive feature [± voice], which has 
a number of  acoustic and articulatory correlates, only one o f  which is the presence or 
absence o f  vocal cord vibration (see Parker, 1977, for a discussion o f  this distinction). In 
order to investigate the relation between vowel length and ‘voicing’, it is absolutely essential 
to determine first if lengthening is correlated with physiological or phonological ‘voicing’.
Consider the hypothesis that vowel lengthening is caused by vocal cord vibration in the 
following consonant. Such a relationship would require that vowel lengthening occur only 
before a consonant exhibiting vocal cord vibration. Counter examples would be provided by 
cases in which [+ voice] (i.e. phonologically ‘voiced’) consonants (/b, d, g /e tc .  in English) 
exhibit no vocal cord vibration following a relatively long vowel, and, conversely, by cases 
in which [— voice] consonants ( /p, t, k /  etc.) exhibit vocal cord vibration following a 
relatively short vowel. Counter examples such as these are, in fact,  not hard to  find. Figures 
1 and 2 display spectrograms made from recordings o f  the speech o f  two native speakers
o f  English, one o f  whom consistently produces post-vocalic [+ voice] consonants w ithout
vocal cord vibration, and both of  whom sporadically produce post-vocalic [— voice] con­
sonants with  vocal cord vibration. What is significant in each case, however, is that vowel 
length is predicted by the phonological feature [± voice] and n o t  by the presence or absence 
o f  vocal cord vibration.2
First,  consider hopped  / b a p t /  and  bobbed  /b a b d /  p rod uced  by  speaker A (Fig. 1). N ote 
tha t  b o th  the post-vocalic /b /  in /b a b d /  and the / p /  in / b a p t /  ex h ib i t  li tt le vocal cord  vibra­
tion  at m os t ,  y e t  the  vowel preceding the /b /  is a lm ost twice as long as the  vowel preceding 
/p / .  The same p hen o m en o n  is a pp a ren t  w hen the post-vocalic s to p s  are replaced w ith  frica­
tives, as in pushed  /p  o 5l/ and  buzzed  [bAzd/ (Fig. 1). While vocal co rd  v ibra tion  con tinues  
well in to  the  /S/ in / p u s t / ,  it stops shor tly  after  the  beginning o f  the  /z /  in /bA zd/,  even 
though  the  vowel in /bA zd/ is more than twice as long as the  vowel in / p o 5 t / .  In bo th  pairs 
the length o f  the  vowel is predicted b y  the  distinctive fea ture  specification  (i.e. [± vo ice ] )  
o f  the post-vocalic con so nan t  and no t  by the presence o r  absence o f  vocal cord  v ibration 
during  closure.
Second, compare speaker B’s productions (Fig. 2) with those o f  speaker A (Fig. 1). 
Speaker B exhibits more vocal fold activity in the production o f  post-vocalic / t /  in m idst 
/mrtst/ than speaker A does in the post-vocalic /b /  in bobbed  / babd/; yet comparison of  
speaker B’s vowels in m idst /m itst/ (102 ms) and bids  /b idz / (150  ms) shows clearly that
JThe discussion o f  these spectrograms is obviously m eant to be suggestive 
rather than exhaustive. Part o f  what they are m eant to  illustrate is, in fact, 
well docum ented. Raphael, for exam ple, states, "Exam ples o f  voiced 
consonants with little or no voicing during consonant closure arc not 
uncomm on. . . .  Similarly, voiceless consonants which evidence vocal pulsing 
throughout most or all o f their closure period are not uncom m on" (1972, 
p. 1301). (‘Voiced’ and ‘voiceless’ as used in this citation obviously refer to 
phonological voicing; whereas the term ‘voicing’ m ust refer to  physiological 
voicing.)
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( b )  ( c )  t d )
Spectrogram s o f boppcd-boblxd  and pushed-buzzed  for speaker A.
/ m i l s t / / b i d z /  ’
Co) ( b )
Figure 2 Spectrograms o f midst and bids for speaker B.
/m its t/  contains a short vowel. In short, vowel lengthening (in English at least) must be 
seen as a function o f  the abstract feature specification o f  the following consonant. There 
is apparently no cause and effect relationship between vocal cord vibration (or laryngeal 
activity) in a post-vocalic consonant and lengthening o f  the preceding vowel.
Still, if there is no  direct physiological correlation between vocal cord vibration and 
vowel lengthening, the question remains as to  how and why speakers o f English (and perhaps 
other languages) should have internalized a phonological rule which is triggered by an 
abstract distinctive feature. The answer may well be that proposed by Javkin (1976). In his 
study , listeners were asked to  adjust a tone to  agree in length with synthetic and self­
generated tokens o f  hiss, his, and has. His findings indicate that speakers tend to  perceive
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vowels preceding [+  voice] consonants as longer than those before [— voice] consonants, 
even when the lengths o f  the vowels are the same. He concludes “ that the continuation of 
voicing into the consonant causes the perception o f  greater vowel length (eventually leading 
to the production o f  greater vowel length)” (1976, p. 81). Thus, if we accept Javkin’s 
theory, the phonological rule o f  vowel lengthening before [+ voice]’ consonants is m oti­
vated by the perceptual mechanism rather than by physiological constraints on production. 
That is, the rule is the result o f a sort o f  self-fulfilling prophecy: speakers make vowels 
before [+ voice] consonants longer because they hear them as longer.
Note that this account does fulfill the requirem ent o f  a (partia l) explanation. Vowel 
lengthening (a physical phenom enon) is triggered by the feature specifications o f  the follow­
ing consonant (an abstraction). This process can be characterized by an (abstract) phono­
logical rule in the grammars o f  speakers o f  English:
C
V -*• [+  long] I  [+  voice]
The acquisition o f this rule, in turn, is motivated by speakers’ perceptual apparatus (a 
(partially) physical phenom enon).
In conclusion, we have tried to make four points. First, any explanation o f a phono­
logical phenom enon (or o f  any other kind for that m atter) must account not only for what 
happens but why  it happens. Second, a central problem in explaining the relationship 
between vowel lengthening and ‘voicing’ in a following consonant stem s from the failure 
to distinguish between physiological and phonological 'voicing'. Third, spectrographic 
analysis indicates that vowel lengthening in English is a function o f  phonological ‘voicing’. 
Finally, the inclusion o f  the vowel lengthening rule in English is m otivated by perceptual 
factors. Speakers make vowels before (+  voice] consonants longer because they perceive 
them as longer; and they perceive them as longer because o f  the continuation , in some 
cases, o f physiological voicing in to  the consonant.
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Vowel termination as a cue to 
voicing in post-vocalic stops
Thomas Walsh and Frank Parker
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A bstract: O ’Kane (1 9 7 8 )  p e rfo rm ed  a p e rcep tua l  e x p e r im en t  to  te s t  th e
hypo thes is  th a t  the  cue to  the  voice value o f  a f inal, pos t-vocalic  
s top  in English is con ta ined  in the  te rm in a t io n  o f  the  p reced in g  
vowel. He concludes  tha t  vowel leng th ,  and n o t  vow el t e r m in a t io n ,  
is the m ajo r  pe rcep tu a l  cue. However, O ’K an e ’s analysis is 
in adeq ua te ,  because it fails to  a cco u n t  fo r  his su b jec ts ’ ab i l i ty  to  
predict the voice value o f  a (missing) final s to p ,  even w h en  th e  
length o f  the  preced ing  vowel was held co n s tan t .  In  fac t ,  h is  results  
indicate th a t  the  final 6 0 - 8 0  ms o f  vowels p reced ing  vo iced  s tops  
does con ta in  a cue to  voicing, a l th o u g h t  the specific  physio log ica l  
and acoust ic  corre la tes  o f  the cue are n o t  clear.
The status o f vowel length as a cue to  the voice value o f  a following stop  in English co n ­
tinues to  generate discussion. While no one denies th a t such an apparently  universal phenom ­
enon as vowel lengthening before a voiced stop  may be a useful cue, it is n o t clear th a t it 
functions as the primary cue. Positions on the issue range from  that o f  R aphael (1 9 7 2 )  and 
O’Kane (1978), who consider vowel length to  be the prim ary cue, to  tha t o f  Parker (1 9 7 4 ), 
who considers it only secondary. Parker suggests th a t the prim ary cue for voicing in  a 
final, post-vocalic s top  is found in the term ination o f  the preceding vowel. Specifically , 
he proposes that this cue ( “gradual te rm ination” ) consists o f  a gradual leng thening  o f  
the period a t the end o f  the vowel preceding a voiced stop .
In an effo rt to  test fttrker’s hypothesis, O ’Kane recorded tokens o f  cop, cob , co t, cod, 
cock, and cog. He then created one set o f  test stim uli by  rem oving the  final s to p  from  
each token . He also constructed a set o f  “hyb rid” stim uli by in terchanging the vow els from  
the truncated tokens o f  cop, cot, and cock  w ith those from  cob, cod, and cog, respectively . 
(That is, for exam ple, he com bined the /k /  from  cop  w ith  the vowel from  cob , and  v*ce 
versa, for all pairs ending in hom organic stops.) O’Kane then took  all o f  the to k en s  from  
bo th  sets o f  stimuli and shortened the vowels from  the n g h t in 20 ms in c rem en ts , up  to  
a m inim um  vowel duration o f  14 -20  ms. The test item s were then p resen ted  to  sub jects, 
who were required to  identify  the missing final s top  as voiced or voiceless. P ortions o f  
the results are reproduced in Table I. [We have om itted  the data on velars, since th ey  seem  
to present special problem s. For one thing, they seem to  be m ore easily con fused  in  p o s t­
vocalic, final position than are the labials and alveolars (see Parker, 1979 , p . 168 for 
figures). Also, we have ignored the extrem ely sho rt vowels, as being to o  sh o r t to  elicit 
system atic responses.]
0095—4470/81 /010105+ 04 $02 .00 /0  © 1981 Academ ic Press Inc. (L o n d o n ) L td .
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Table I
T o k en  d u ra t io n  T ota l  percen t voiced responses to:
(ms) C olum n 1 C olum n 2
(a) 226
CV-section from 
/k o p /
CV-hybrid: / k /  from 
/k o p /+ /a /  f rom  /k o b /  
93
Ip , b / 206 - 93





/ k o b /
96
CV-hybrid: / k /  from 
/k o b /+ /o /  f rom  /k o p /
/ b . P / 200 95 -





/k o t /
CV-hybrid: / k /  from 
/k o t /+ /o /  from  / k o d /  
96
/ t . d / 233 — 96






/k o d /
100
CV-hybrid: / k /  from 
/k o d /+ /o /  from  / k o t /
A M / 246 98 —




O ’Kane concludes from  these results that vowel duration  is the prim ary cue to  the voice 
value o f  a following s top . His position, however, seems to  be untenable: when vowel length 
was constan t, those vowels originally preceding voiced stops elicited significantly m ore 
voiced responses than did the vowels which were produced before voiceless stops. For 
exam ple, w ith  a vowel duration o f  186m s, /k o (b )/ elicited 92% voiced responses, b u t 
/k o (p )/ elicited only 31 % (la). W ith a vowel duration o f  160 ms, /k o (b )/ elicited 80% voiced 
responses, while /k o (p )/ received only 30% (lb ). With a vowel duration o f  186 m s, /k o (d )/ 
elicited 59% voiced responses, bu t /k o ( t) / received only 28% (Id). Obviously, vowel length 
cannot be the prim ary cue in these cases, since it was the same for bo th  m em bers o f  each 
test pair. Therefore, the vowel m ust contain some cue other than length, w hich signals the 
voice value o f  the following stop.
O ’K ane’s data, how ever, suggest that vowels preceding voiceless stops do n o t contain  an 
additional cue. F irst, tokens containing fu ll  vowels produced before a voiceless stop  are
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correctly identified only 71% o f  the tim e. [This figure represents the average per cent o f  
correct responses to  those tokens containing a fuD vowel preceding a voiceless stop (Table 
I).] I f  there were an additional cue in the vowel, wliich signals voicelessness in a following 
stop , we would expect the num ber o f  correct identifications to  com e closer to  100%. 
(Compare 71% to  th a t given below for tokens containing full vowels produced before 
voiced stops-96% .) Second, as the length o f  these vowels is reduced in 2 0 m s increm ents, 
the num ber o f  voiced responses diminishes quite gradually, w hich is w hat we w ould expect 
if  length were the sole cue.
On the other hand, O"Kane’s data suggest th a t vowels preceding voiced stops do contain 
an additional cue wliich signals voicing. F irst, in contrast to  the voiceless series, tokens 
containing f i ’ll vowels produced before a voiced stop are correctly identified over 96% 
o f  the tim e. [This figure represents the average percent o f  correct responses to  those tokens 
containing a full vowel preceding a voiced stop  (Table I).] Since these tokens are more 
accurately identified than those containing full vowels before voiceless stops, this suggests 
tha t vowels preceding voiced stops contain an additional cue. (Recall tha t each toekn con­
tained no final stop at all.)
Moreover, O’Kane’s data indicate tha t this cue is present in the final 6 0 -8 0  ms o f  the 
vowel. This is illustrated by the fact that as the vowel preceding a voiced stop  is cut back, 
there is initially no change in response. A point is reached, however, w here a further 
reduction in length results in a sharp decrease in the num ber o f  voiced responses. For 
exam ple, in the hybrid consisting o f  the /k /  from  cop  and the /o /  from  cob  ( la ) , the drop  
from  226 to  206 ms causes no reduction in the num ber o f  voiced responses. Likewise, the 
drop from  206 to  186 ms results in a reduction o f  only one percentage po in t, from  93% 
voiced responses to  92%. However, the loss o f  the next 20 ms o f  the vowel (from  186 to  
166 ms) causes the num ber o f  voiced responses to  drop 64 percentage points, from  92% 
to  28%. This same effect can be seen in the responses to  the natural token /k o (b )/ (lb ). 
When the vowel is reduced by 60  ms (from  220 to  160 m s), the num ber o f  voiced responses 
drops only 16 percentage points, from  96% to  80%. However, w hen the vowel is reduced 
20 ms more (from  160 to  140 m s), the num ber o f  voiced responses drops 51 percentage 
points, from  80% to 29%. Likewise, in the hybrid containing the /k /  from  c o t  and the 
/o /  from  cod  (Ic), the loss o f  the last 60 ms o f  the vowel (from  253 to  193 ms) reduces 
the num ber o f  voiced responses by only 29 percentage points, from  96% to  67%. However, 
the loss o f  the next 20  ms (from  193 to  173 m s) reduces the num ber o f  voiced responses 
by 47 percentage points, from  67% to  20%. These data strongly suggest th a t the final 
6 0 -8 0  ms o f  the vowel preceding a voiced stop  contains a cue w hich allows listeners to  
predict voicing correctly.
In sum , O ’Kane does no t present a convincing argum ent th a t “D urational vowel differ­
ences m ust still be seen as the m ajor perceptual cue used to  distinguish voiced from  voice­
less following consonants" (p . 318). The fundam ental problem  w ith  his analysis is th a t 
his subjects responded differently  to  vowels o f  the  same length  produced before voiced 
and voiceless stops. This fact is inexplicable, i f  length is taken to  be the prim ary cue. On the 
contrary, O 'K ane’s data support the hypothesis th a t vowel term ination  serves as a cue 
to  voicing in a following stop . In particular, his results indicate th a t the final 6 0 -8 0  ms o f 
the vowel preceding voiced stops contain a cue for voicing. A lthough the absence o f  any 
acoustical analysis o f  O’K ane’s data prohibits speculation on the exact nature o f  this cue 
(for exam ple, gradual lengthening o f  the period during the term ination  o f  the vowel), 
the hypothesis tha t the cue to  voicing in a final stop  is carried by the term ination  charac­
teristics o f  the preceding vowel appears to  be sound.
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Abstract Raphael (1 9 7 2 )  d em ons tra tes  tha t  fo r  his syn the t ic  tokens ,  listeners
utilize vowel length as a cue to  ]± voice] in a following s top ,  in a 
co n tinu ou s  m anner .  T h a t  is, there is a range o f  vowel du ra t ions  
above which listeners will pred ic t  a following [ +  voice] s top  and 
below  which they will p red ic t  a following ]— voice] s top . However, 
within  this range listeners’ p redic tions will vary depending  on  the 
spectral configuration o f  the vowel: a falling Fi cues a ] +  voice] 
s top ; a level F t cues a {— voice] s top .  The present s tudy  co rrobora tes  
the findings o f  Raphael (1 9 7 2 )  using real speech tokens ,  a l though  
the  critical dura t ions are shifted dow nw ard  7 0 - 8 0  ms. It  is co n ­
cluded tha t  since the  vowel transit ion  serves as the  operative cue 
during  th e  in term edia te  range o f  vowel du ra t ions ,  th en  the  only 
possible funct ion  o f  vowel length  as a cue is e i ther  to  reinforce or 
to  override the transit ion cue at ex trem ely  long and  sh o r t  vowel 
dura t ions. In o th e r  words, vowel leng th  is (a t  best)  a re d u n d a n t  cue 
o r  (a t  worst)  a misleading one.
Raphael (1972) presents compelling evidence tha t vowel length can function  as a cue to  
phonological voicing in a following stop in English. That is, the longer the vowel, th e  more 
likely a speaker is to identify a following stop as [+  voice).1 However, half o f  Raphael’s 
synthetic stimuli also contained a vocalic F! transition, which appeared to  function as the 
primary voicing cue in vowels o f  interm ediate duration (i.e. approxim ately 2 0 0 -2 8 0 ms in 
Raphael’s experim ent). For example, at a vowel duration  o f  approxim ately 245 ms, 80% 
o f the stimuli containing the F | transition were identified as ending in a [+  voice] stop and 
80% o f  those w ithout the F t transition were identified as ending in a [— voice] stop . Since 
the  two sets o f  stimuli were identical except for the presence or absence o f  the F i transition, 
it is clear that in these cases the speakers could be responding only to  the vowel transition 
itself. Data from other studies using real speech as stimuli have supported th e  position tha t, 
for norm al adult speakers, the primary cue to  [± voice] in a post-vocalic stop is indeed the 
spectral characteristics o f  the vowel transition. (See, for exam ple, Revoile, P ickett, Holden & 
Talkin, 1982.2) These studies, however, were based on artificial m odification o f  vowel
1 The literature, we feel, evidences a greal deal o f  confusion regarding the 
distinction between phonological and physiological voicing, in particular, and • 
between psychological and physical phenom ena, in general. For discussion, 
see Parker (1977), Repp (1981), and Walsh & Parker (1981b).
1 In addition, the data presented in O ’Kane (1978), Raphael (1981), and 
Krause (1982) can be interpreted as supporting this hypothesis, a lthough 
none o f the authors argue specifically that the vowel transition contains the 
primary cue to [± voice] in post-vocalic stops. For a rein terpretation  o f 
O ’K ane’s data, see Walsh & Parker (198ifl) and Revoile etal. (1 9 8 2 ) .F o ra  
more general discussion o f  these studies, see Walsh and Parker (in preparation).
0095-4470/83/040407+06$03.00/0  © 1983 Academic Press Inc. (London) L td.
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length. For exam ple, O ’Kane (1978) varied the length o f  the vowel by  incrementally 
truncating the vowel from  right to  left. That is, he cut away the spectral properties o f  the 
vowel transition at the same tim e  he reduced vowel length. If he had shortened the vowel 
from  the left rather than  from  the right, this would have had the effect o f  shortening the 
vowel w ith o u t removing th e  transition into the post-vocalic stop . Thus, given the lim itations 
o f  synthetic and artificially m odified speech, it is still no t certain w hat acoustic character­
istics o f  real speech serve to  cue [± voice] in post-vocalic stops in the absence o f  release and 
closure.
In order to  investigate the relationship between vowel length and vowel transition as cues 
to  [± voice] in real speech, we designed a perceptual experim ent in which there was consider­
able overlap o f  vowel durations before the final stops /p /  and /b /. We recorded a single 
speaker reading the nonsense syllables /gcp/ and /gcb/ in tw o different frames. First, each 
syllable was read five tim es in groups o f  three, e.g. /gcp /-/gcp /-/gcp /. Then each syllable
was read five tim es in th e  fram e “Take a a day” . This procedure yielded 20  tokens o f  each
syllable. Since the vowels in the group o f  th ree repeated syllables were, on  the average, 
longer than  those in th e  same syllable in the sentence frame, it was possible to  obtain a 
considerable range o f  overlapping vowel durations before /p / and /b /. Spectrograms were 
m ade o f  each token, and by  careful selection we were able to  construct a perception tape 
containing ten vowels before /p /  ranging from  90  to  160 ms and ten vowels before /b / 
ranging from  120 to 265 m s, w ithout any artificial adjustm ent to  vowel length. This resulted 
in  an overlap o f  40 ms w ith  three pairs o f  vowels having identical durations. (See Table 1 
for a com plete list.) By means o f  the gate on the spectrograph we then isolated the /gc/ 
po rtion  o f  each token. The closure and release (if any) o f the final stop ( /p /- /b /)  was 
removed from  each token , so that the stimuli consisted solely o f  20 tokens o f  /gc/. With 
this set o f  stimuli we w ould be able to  com pare previous findings w ith those obtained from 
using unm odified vowels drawn from real speech.
The tape was played to  57 undergraduates who were forced to choose between /gcp/
and /g tb / upon presentation o f  each stimulus. (Since the subjects were linguistically naive, 
the possible responses were represented on the answer sheets as gepp  and gebb , respec­
tively.) T he results o f  the  perception experim ent are given in Table II.
In general, our results confirm  those o f  Raphael, although the crossover points (i.e. 
th e  po in t a t which a stim ulus is judged [+  voice] x%  o f  the tim e) appear to  be shifted 
downward in real speech. In other words, the percentage o f  [+  voice] responses tends
to  vary directly  with vowel length; however, the vowel length required to  elicit a given
percentage o f  [ + voice] responses appear to  be 7 0 -8 0  ms shorter  in real speech than in 
Raphael’s synthetic tokens. First, there was alm ost 100% correct identification o f  the 
stim uli in the  [— voice] series. This was no t surprising, since Raphael obtained an  alm ost flat 
response between 90 and 100% for all o f  his [— voice] (i.e. no  F j transition) labial tokens o f  
less than  approxim ately 225 ms. likew ise , there was alm ost 100% correct identification 
o f  the  stim uli in the [+  voice] series at o r above a vowel duration o f  195 ms (i.e. above the 
range o f  overlap).
The m ost interesting results, however, as was the case w ith Raphael’s experim ent, are 
those obtained for the stim uli w ithin the range o f  overlap (i.e. stimuli w ith  vowel durations 
betw een 120 and 160 ms). At 135 and 140 ms, the tokens originally containing a [—voice] 
s to p  received 93 and 100% correct responses, respectively. A t the same durations, however, 
the tokens originally containing a [+  voice] stop  received only 53 and 54% correct responses, 
respectively, wliich are tan tam ount to guesses. It is clear, as was the case w ith Raphael’s 
synthetic speech experim ent, tha t vowel duration  cannot explain these different responses
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Table I Duration of vowels in the test stimuli
D uration  o f  vowels befo re  /p /  
(ms)


















to  the [+  voice] and [—voice] stim uli, w hich contain vowels o f  identical duration . Vowel 
durations o f  135-140  ms are well below the average duration  o f  vowels before [ + voice] 
consonants, according to  previous studies. F or exam ple, House & Fairbanks (1953, p . 107) 
found the average duration o f  vowels before /b / to  be 237 ms. T hus, if  vowel duration  
alone serves as a cue to  [± voice] in a following stop , vowels o f  1 3 5 -1 4 0  ms should have 
unambiguously cued a following /p /  in our study . The fact tha t the tw o tokens from  the 
[+  voice] series received no  better than a guess indicates tha t vowel duration  is no t the  only  
operative cue in these cases.
The explanation for the different responses to  the  tw o sets o f  stim uli w ith  identical 
vowel durations appears to  be th a t there is a conflict o f  cues in the [+  voice] tokens. Exam i­
nation o f  the spectrograms o f  bo th  the [+  voice] and {— voice] tokens a t 135 and 140m s 
clearly shows a falling  F j transition before /b /  b u t no such transition  before / p /. (The first
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Table II Percentage o f  correct responses. (A dash indicates no  token at that 
vowel duration)
D ura tion  o f  vowels 
(ms)
% correc t  responses 
to  /g E (p ) /
% co rrec t  responses 
to  /g E (b) /
90 84 _
95 95 _














form ants o f  all four tokens are represented schem atically in Fig. 1. These schematics were 
obtained by  tracking the m idpoint o f  F j th roughout each o f  the four tokens.) In the la tte r 
case, th e  extrem ely short vowel and the absence o f  a falling F , transition constitu te  m utually 
compatible  cues; that is, they bo th  signal [— voice] in a following stop . Thus, the subjects, 
predictably, agree on /p /  almost 100% o f the tim e. In th e  form er case, however, the short 
vowel and the falling F] constitute contradictory  cues. The vowel length signals [— voice] in 
the following stop, but the falling F, signals [+  voice]. Thus, the subjects, again predictably, 
are forced to  guess.
As vowel length drops below this level, however, it appears to  becom e the prim ary cue. 
N ote, for example, that the shortest [4 -voice] token , 120 ms, received only 11% correct 
responses even though it contains a falling F j transition (Table II). This fact suggests that
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7 0 0  
6 0 0  
5 0 0  
£  4 0 0  
3 0 0  
200 
100
100 mt 135 ms 150 ms50 ms 100 ms 140 ms 150 ms50 ms
Figure 1 Schematic representation o f F , in |±  voice] tokens at 135 and 140 ms.
[c] in /g c (p )/,.......................; Ie | in /g c(b )/,---------------------.
a t extrem e durations vowel length is a sufficient cue to  [± voice] in a following stop.
However, during some mid-range o f  durations, which is apparently lower in the  case o f 
real speech than for R aphael’s synthetic stimuli, the vowel transition is the decisive cue. 
Thus, the relationship between vowel length and vowel transition as cues to  [± voice] in a 
following stop seems to  be com plem entary, vowel length is the prim ary cue in tokens 
containing extrem ely long and short vowels, whereas the vowel transition is the primary 
cue in tokens containing vowels o f  interm ediate length. This relationship is presented 
schematically in Fig. 2 , for bo th  Raphael’s data and ours.
If, in fact, this is an  accurate representation o f  the relationship between these two cues,
an interesting consequence follows, nam ely, that vowel length as a cue in real speech is 
either redundant or misleading. That is, if  it is the case th a t, ideally, all vowels preceding 
a [+  voice] stop contain a falling F i transition and all vowels preceding a [—voice] stop  do 
no t contain a falling F (, then a listener will be able to  identify correctly the voicing charac­
teristics o f  a post-vocalic stop  on  the basis o f  the vowel transition alone. However, if  vowel 
length can override the  transition cue in tokens containing vowels o f  extrem e duration , then 
it is either redundant (when it signals the same inform ation as the transition) or misleading 
(when it signals inform ation contradictory  to  the transition). Consider, for exam ple, a token  
containing an extrem ely short vowel and no F i transition. In this case, vowel length is 
redundant (at least in theory) since it merely reinforces the transition cue. On the other 
hand , consider, for exam ple, a token  containing an extrem ely short vowel and a falling F ,. 
In this case, the vowel length cue will override the transition cue and cause the listener to  
misperceive the signal.
Synthetic stimuli 200 ms 200m s
Natural stimuli 120 ms 160 ms 200 ms
Figure 2 Relationship between vowel length and vowel transition as cues to  [ i  voice]
in post-vocalic stops. Vowel len g th ,---------------------- ; vowel transition,
.......................   Synthetic stimuli from Raphael (1972), natural stimuli from
Walsh & Parker (present study). The 200 ms value for the natural stimuli only 
represents an inference since none of our [— voice] tokens were long enough 
to test the upper end o f  the scale.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
21
T. Walsh and F. Parker
We can summ arize our conclusions as follows. F irst, as R aphael’s study dem onstrates, 
vowel length is perceived as a cue to  [± voice] in a following stop  in a continuous m anner 
so th a t, for a given spectral configuration, there is a range o f  vowel duration above  which 
listeners will predict a following [+  voice] stop  and below  w hich they  will predict a follow­
ing [— voice] stop . Second, within  this range listeners’ predictions will vary depending on 
th e  spectral configuration o f  the vowel. In particular, w ithin this interm ediate range, 
listeners will predict a following [4- voice] stop  if  the vowel term inates in a falling F j tran ­
sition and a [—voice] stop  if the vowel does no t term inate in a falling F j.  Third, given this 
sta te  o f  affairs, we m ust conclude tha t vowel length as a cue to  [± voice] in post-vocalic 
stops in English is (a t best) redundant and (at w orst) misleading. Since the vowel transition 
serves as the defining cue during some interm ediate range o f  vowel length, then  the only 
possible function o f  vowel length as a cue is either to  reinforce or to  override the transition 
cue a t extrem ely long and short durations. There appears to  be no range during which vowel 
length is a necessary and sufficient accurate cue to  [± voice] in a following stop.
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A bstrac t:  Vowel leng th  (V L ) and  vowel t rans it ion  (V T ) have been proposed
as cues to  [ iv o ic e ]  in post-vocalic  s top s  in English, even in the 
absence o f  the stop closure and release. Here five s tudies  are 
exam ined  w hich can be in te rp re ted  as suppor t ing  V T  as the primary  
cue. V owel leng th ,  how ever,  is capable  o f  overriding the  V T  at 
ex trem e  vowel dura t ions. We explain  this as an associative process: 
speakers a p p aren t ly  learn to  associate V L  with [±voice] ; however, 
they  use V L  as a cue only u n d e r  art ificial o r  abnorm al c ircumstances.
In t ro d u c tio n
Background
One o f  the m ore  in teresting  phono log ica l  p h en o m en a  to  be discussed in recen t years  is the
very indirect re la tionsh ip  which ho lds  be tw een  abstrac t  phonologica l e lem en ts  (distinctive
features) and their  m an ifes ta tion  in the speech signal (acous tic  cues). Parker  states,
“ ‘A coustic  cue [A C ] ’ is a te rm  p roper ly  w ith in  the  dom ain  o f  
physical phonetics .  An acoust ic  cue relates the  speech signal to  
phono logy .  It is a p ro p e r ty  o f  the  acous t ic  signal th a t  is suffic ient 
fo r  the  recogn ition  o f  a given phonolog ica l  segm ent . . . ‘Distinctive 
feature  [ D F ] ’, on the  o th e r  h an d ,  is a te rm  p roper ly  within the 
dom ain  o f  phono logy .  Distinctive features do not have an invariant 
relation to elements o f  the speech signal. R ather,  th ey  are abstrac t 
d im ensions in te rm s o f  w hich speakers are th o u g h t  to  organize 
phonolog ica l  segm ents  once  they  have been recognized, and  it is in 
te rm s o f  these fea tures  th a t  phonolog ical  rules are assumed to 
o p e ra te”  (1 9 7 7 a :  1052; em phasis  added).
T he na tu re  o f  th is  re la tionsh ip  is not  a trivial ques t ion .  It  has overtones  o f  a philosophical 
p rob lem  as old as A ris to tle  and  P la to ,  nam ely ,  the  re la tionsh ip  b e tw een  m ind (D F s)  and 
bo d y  (ACs). C onsequ en tly ,  any  com prehensive  cha rac te r iza tion  o f  this re la tion  m us t clearly 
be in terdiscip linary , involving at least linguistics, speech science, p sychology ,  and very likely, 
ph ilosophy .  N evertheless,  tw o  o f  the  first steps m u s t  be to  de te rm ine  (1 )  h o w  phonological,  
(i.e. abs trac t  m e n ta l)  rep re sen ta t ion s  are realized acoustically ,  and (2 )  h o w  acoustic  p ro p e r ­
ties o f  the  speech signal are u ti lized  by the  listener to  p rovide  categorical iden t if ica t ion  o f  
abstrac t segments.
F o r  exam ple ,  consider  the  pa ir  o f  w ords  cat/can’t. M any A m erican  speakers  p ro n o u n ce  
1,095-4470/84/030207 + 12 $03 .00 /0 . © 1984 Academic Press Inc. (London) Limbed
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these [kaet] and [kail] respectively, so that the presence o f  the abstract nasal segment is 
signalled only by the physical nasalization o f the preceding vowel (Parker, 1977ft). In other 
w ords, abstract /n / is cued by physical [£].* Aside from  what this does to  theories o f 
biuniqueness and linearity (e.g. Chom sky, 1964: 75 -95 ), it poses an interesting question for 
scientists attem pting to  form ulate a model o f  speech production/perception . What sort o f 
relationship holds between /krEnt/, which is what the speaker thinks  he is saying (and what 
the listener th inks  he hears) and [ k i t ] ,  which is what the spectrogram  shows? In the case of 
can’t [ k £ t] ,  the answer is reasonably transparent:
(1) English has no phonem ically nasalized vowels;
(2) a nasal segment always nasalizes a preceding vowel;
(3) nasal segments before [—voice] stops are deleted; and
(4) nasal segments are always hom organic with a following stop in the same syllable.
All native speakers o f  English have access to this inform ation by virtue o f their in te rn ­
alized grammar. Thus, they will always be able to  reconstruct /k am t/ from [ k i t ] .  What 
makes this relationship transparent is the 1:1 relationship between the DF specification 
[±nasal] and the perception o f  nasalization in the vow'el. T hat is, nasalization in the vowel 
is directly related to the DF specification :[+nasal]. U nfortunately, however, abstract features 
are often not represented in the physical signal in such an invariant fashion.
In the rem ainder o f this paper we will consider the ACs for one such case, namely the 
D F:[±voice]. In particular, we will consider only the cues for this feature in utterance-final 
stops in English. (H enceforth, the term s voiced  and voiceless will be used to  refer to  the 
positive and negative specification o f  the D F:[+voice]. Actual glottal pulsation will be 
so designated.)
Consonantal and vocalic cues 
As is well know n, there are num erous cues to [±voice] in utterance-final stops in English. 
(See, for exam ple, Raphael, 1981). These, in turn , can be subdivided into tw o major 
categories: those associated w ith the utterance-final stop itself, and those associated with 
the preceding vowel. In this study, however, we are excluding further consideration of 
those cues present in the stop closure and release. These cues include the spectral charac­
teristics o f  stop release, the duration o f  stop closure, and the presence or absence o f  glottal 
pulsation during stop closure. We are excluding consideration o f  these cues simply because 
none o f  them  constitu tes the lim iting case. T hat is, the [±voice] value o f  utterance-final 
stops in English can be assigned by speakers even when the entire stop closure, along with 
stop release has been excised from  the signal (fo r discussion see Raphael, 1972; Parker, 
1974; O ’Kane, 1978; Walsh & Parker, 1981, 1983; Rcvoile e t a!., 1982).
Instead, we will focus on those cues contained in the preceding vowel. A lthough a num ­
ber o f  d ifferent cues have been proposed, they tend to fall into two broad classes, (1) 
claims that vocalic duration  provides the primary cue, and (2 ) claims that the spectral con­
figuration  o f  the vowel provides the prim ary cue (Revoile e t al., 1982). The present study 
will exam ine a num ber o f  these claims in an attem pt to  determ ine the relative contribution  
o f  these two types o f  acoustic inform ation residing entirely in the vowel.
Furtherm ore, we are restricting our investigation to the contribution  o f  these two types
‘Here and throughout, we use phonetic no tation  to stand for physical 
properties o f the speech signal. This is simply a notational convenience and 
implies no theoretical claims, such as, e.g. that there is no distinction betw een 
an abstract phonetic  level o f  representation in the mind o f the speaker and 
the physical phonetic level.
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o f  cues in stimuli presented o u t o f  con tex t. Just so there is no m istake concerning the value 
o f excluding context, consider an analogous syntactic example.
In these examples, the (a) sentences provide a contex t for the (b) sentences. N ote that 
w ithin this contex t, the (b) sentences arc unambiguous: he can refer only to Ralph. Now 
consider the (b) sentences ou t o f  context (i.e., in isolation, w ithou t benefit o f  the context 
provided by the (a) sentences). N ote that in this condition 1(b) is now ambiguous: he can 
refer either to  John  or to someone else; but 2(b) is unam biguous: he  can refer only to  som e­
one o ther than John. The fact that 1(b) can be ambiguous but that 2(b) cannot is an 
interesting linguistic phenom enon that must be (and in fact has been) explained. The point, 
however, is that it is only by taking the (b) sentences our o f  co n tex t  that this phenom enon 
comes to  light. Thus, the really interesting cases are those which occur out o f  contex t. This 
holds true both for syntactic and phonetic/phonological phenom ena.
It is w orth emphasizing, however, that we are not taking issue with the fact that speakers 
o f English attend to a variety o f  cues in order to assign a [ivoice] value to  utterance-final 
stops (see Raphael, 1981). No one doubts that acoustic properties coterm inous with the stop 
itself might function as voicing cues. What would no t be expected is that a non-coterm inous 
segment, i.e. the preceding vowel, might cue stop voicing, even in the absence o f the stop 
closure and release. Moreover, the case m entioned above, in which a deleted nasal segment 
is cued by nasalization in the previous vowel, can be conveniently understood as a case o f 
“ feature spreading” . That is, the DF specification :[+nasal] might be said to  “ spread”  from 
the nasal consonant to  the preceding vowel. However, there does not seem to be any equiv­
alent way to  explain (o r even to  understand w hat might be m eant by) the hypothesis that 
[+voice] in a post-vocalic stop is cued by “ spreading”  this feature to  the V.
Thus, we are interested in investigating the theoretical problem  posed by the limiting 
case: How do listeners identify voicing in a stop purely  on the basis o f  acoustic cues 
coterm inous w ith the preceding vowel? Various durational features, e.g. length o f the 
steady-state portion o f  the vowel (R aphael, 1972), and spectral characteristics o f  the vowel, 
e.g. concentration o f low frequency energy in the vowel (Wolf, 1978), have been proposed 
as ACs to  [ivoice] in the following stop. However, we are lim iting our study to the tw'o cues 
most often proposed, length o f  the entire vowel (VL), and the spectral, properties o f the 
vocalic transition (VT), the la tter of which can be most easily expressed, albeit with over­
sim plification, as the presence or absence o f a falling F I .  We will first discuss the experim en­
tal data (and claims based on such data) from w hat we consider to  be the most im portant, or 
at least most lepresentative o f  the studies dealing with this topic. Then we will attem pt to 
place this inform ation within the framework o f  a total linguistic account o f the relationship 
between characteristics of the physical speech signal and the perception o f  the DF [ivoice] 
in utterance-final stops in English.
Review o f the literature
Raphael (1972)
Vowel length has had the widest acceptance as a cue to voicing in post-vocalic stops. T hat is, 





Ralph was waiting on John  to  eat dinner. 
After John  got hom e, he ate.
Ralph was waiting on John  to  eat dinner. 
He ate, after John got home.
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the duration o f  the preceding vowel: a long vowel cues [4-voice]; a short vowel cues 
[—voice]. A lthough the opposition between short and long vowels has long been observed, 
and indeed, appears to occur in m ost languages (e.g. Chen, 1970), appreciation o f its value as 
a cue in English is largely based on the seminal study o f Raphael (1972).2
Raphael constructed synthetic tokens o f several minimal pairs o f monosyllables contain­
ing different vowels and ending in a variety o f  obstruent com binations. The items o f interest 
here are the three pairs ending in stops: gapelgabe, bet/bed,  and BurkejBerg. None o f  these 
tokens contained a voicing bar during stop closure nor were any o f  the final stops syn­
thesized to  simulate a release. In fact, the spectral characteristics o f both members o f each 
pair were identical except that one vowel in each pair contained a 50 ms falling FI transition, 
while the o ther vowel contained a level F I throughout. The falling F I was presumably 
intended to  sim ulate the VT before a [4voicc] consonant and the level F I ,  that before a 
[—voice] consonant. The steady-state portion o f  each vowel varied from  150-350 ms. 
Subjects were presented with the resulting stimuli and instructed to  respond in a forced- 
choice form at, i.e. to  respond w ith one member o f the minimal pair. Raphael found that as 
VL increased, the num ber o f voiced responses (i.e. gabe, bed, Berg) increased. As a rule, 
the stop following any vowel o f  less than about 200m s was identified as [—voice], while 
that following a vowel o f more than approxim ately 300 ms was identified as [+voice]. This, 
o f  course, established what had been assumed, namely, that speakers relate the phono­
logical voicing characteristic o f  a following obstruent to the length o f the preceding vowel.
O f equal interest, however, is the fact that for the mid range o f vowel durations (approxi­
mately 2 0 0 -3 0 0  ms), Raphael's subjects were responding to the presence or absence of the 
F I transition. His results show, for example, that at a vowel duration of approxim ately 
245 ms, 80% o f both sets o f stim uli were identified on the basis o f whether they did or did 
not have the falling FI transition. That is, at 245 ms, 80% o f the stimuli containing a falling 
F I transition were identified as gabe, bed  and Berg, and at the same duration , 80% o f  the 
stimuli containing a level F I transition were identified as gape, bet and Burke.
Thus, the value o f  the falling F I as a cue to  [+voice] has a complex relationship with
VL. What the presence or absence of this transition seems to  do is determ ine the position
Ml would be difficult to exaggerate the impact o f this study. In addition to 
its im portance as one o f the first studies to  test the effect o f VL on the 
perception o f voicing in a following stop, its influence has apparently grown 
over the years. According to  the Social Science Citation Index, Raphael (1972)
was cited 42 times during the period 1977 through April 1982, with 16
citations in 1981 alone. Consequently, later investigators have tended to over­
look the value of VT as a cue. That is, in general, Raphael’s experiment has 
been taken as evidence that VL is the only significant cue, or at any rate, the 
major cue for phonological voicing in a following stop. O’Kane (1978), for 
example, states that "durational vowel differences m ust still be seen as the 
major perceptual cue used to distinguish voiced from voiceless consonants’’
(p. 318). Similarly, Wolf (1978) states that “ Previous research on the voiced- 
voiceless distinction in final and intervocal stops has emphasized the im port­
ance o f the duration o f the preceding vowel as a voicing cue” (p. 299). Like­
wise, lliggs&  llodson (1978) state that "R aphael (1972) found that regardless 
of the voicing or voicelessness o f the following consonant, 'listeners perceived 
the final segments as voiceless when they were preceded by vowels o f  short 
duration and as voiced w hen they were preceded by vowels o f long duration’ " 
(p. 27).
This inference is so prevalent that it is unusual to find a balanced appreci­
ation o f Raphael's findings such as that expressed by Javkin (1976): "The 
duration difference associated with the voicing of the following consonanl has 
been shown to  function as a linguistic cue under certain circumstances (Denes, 
1955; Raphael, 1972)” (p. 79, emphasis added).
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Table I Crossover points for Raphael's synthetic stimuli. Percentages are 
for voiced responses (adapted from Raphael, 1972, p. 1300, tabic II)
20% 50% 80%
‘Voiced’ stim uli (-(-falling F I) 197 ms 224 ms 247 ms
‘Voiceless’ stimuli (—falling F I) 239 ms 266 ms 283 ms
Differences in crossover points for 42 ms 42 ms 36m s
‘voiced and ‘voiceless’ stimuli (av. 40 ms)
o f what Raphael calls the “ critical vowel duration” (CVD) along the dimension o f vowel 
length. According to  Raphael, CVD is
“ . .  . the range of stimuli over which perceptual judgm ents change 
from  80% to 20%< agreem ent of voicelessness” (p. 1299).
The presence o f  the FI transition results in a CVD ranging from 197 to  247 ms. On the other 
hand, the absence o f  the F I transition shifts the CVD up the scale to the range from  239 to 
283 ms (Table I). Thus, the 20% crossover point (239 ms) for the stimuli containing a level 
F I transition coincides almost exactly with the 80% crossover point (247 ms) for the stimuli 
containing a falling F I ; therefore, it is between these two points that VL seems to be o f least 
significance and the FI transition o f  most significance as a voicing cue.
We would suppose that Raphael was aware o f the functional value of the F I transition 
since he built it in to  his experim ent. However, although he is careful to point out that the 
duration o f  the preceding vowel is not the only cue (p . 1298), nowhere does he acknowledge 
tha t the VT might be a cue to  stop voicing. The only o ther acoustic properties which lie 
seems to  consider effective are cues which occur (in  his stimuli) during the final segment 
itself. This refers to  the fact that fricatives following a vowel w ith a falling FI were simulated 
w ith a voicing bar, and stop-stop and fricative-stop clusters had releases which were periodic 
for the cluster following a vowel with a falling F I ,  and aperiodic for the cluster following a 
vowel with a level F I .  Moreover, fricatives with a voicing bar were shorter than those w ithout 
a voicing bar. Raphael states that
“ The presence of the cues for voicing or for voicelessness during the 
final segment o f the words tested does affect perception . . . The 
generally earlier descent o f the curves for the voiced stimuli as com ­
pared w ith those of the voiceless stim uli indicates that stim uli syn­
thesized with cues for voicing in the fina l segment [emphasis added | 
were perceived as voiced following vowels of shorter duration than 
those synthesized with cues for voicelessness’’ (pp. 1298-1299).
We must conclude from  this statem ent that Raphael did not appreciate the value o f the F I 
transition as a cue. It is this failure to  consider the relationship between the two cues, or at 
least to  note explicitly that there is a range o f  vowel lengths in which the F I transition is 
the operative cue that seems to  have led to the generally uncritical acceptance o f VL as the 
prim ary cue (fo r further discussion, see Walsh & Parker, 1983).
0 'K a n c{1 9 7 8 )
Basing his conclusions on a perceptual experim ent using modified tokens from real-speech, 
O’Kane (1978) claims that VL is more salient than VT as a cue for voicing in a following 
final stop. O ’Kane recorded tokens o f cop, cob, cot, cod, cock  and cog and varied them by
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first removing the entire stop  closure and then cutting  back the vowel from the right in 
20  ms decrem ents. The overall result was that listeners, as predicted by Raphael (1072), 
tended to  perceive shorter vowels as being followed by [—voice] stops and longer vowels 
as being followed by [+voice] stops.
However, in contrast to  the findings o f  Raphael (1972), there was an almost categorical 
response change as the vow-el was cut back. R aphael’s data shows a relatively straight curve 
(1972 , p. 1298). O ’K ane’s subjects, however, showed little  change in responses for the 
initial reductions and a drastic change from  [+voice] to [—voice] for some 20m s decrem ent, 
whose position varies from  type to  type. The most obvious explanation for this abrupt 
change in perception is that, with the removal o f  the critical 20m s, the entire VT has been 
removed, leaving VL as the only cue. (See Walsh & Parker, 1981; Reveille et al., 1982 for 
com plete discussions o f  O ’Kane’s experim ent.)
Raphael  ( 19 8 1 )
It might be argued tha t this study should be excluded from consideration here because it 
deals with word-final stops in context  so that, strictly speaking, it does not deal w ith 
utterance-final stops. The data are, however, pertinent because in one o f Raphael’s exper­
im ents single syllables ending in stops are excised from  their contex ts for presentation to 
listeners. Thus, from  the listener’s standpoint the tokens do end in stops. In the relevant 
experim ent Raphael was a ttem pting to dem onstrate the relative saliency o f  various durational 
cues to  voicing in word-final stops. However, although the experim ent was intended to  be 
lim ited to  durational cues, it was impossible to  eliminate “ contam ination” by spectral 
characteristics o f  the vowel since rcal-spcech utterances were used as the basis o f the exper­
im ent. Thus, it is possible to  com pare the relative contribu tions o f  VL and VT to the 
perception o f  [ivo ice].
Raphael states that the stimuli,
“ were drawn from  1 male speaker’s reading of two paragraphs which 
contained several occurrences o f the phrases a peck above, a peg 
above, a peck shorter,  and a peg shorter  in the m anner that approxi­
m ated conversational speech. The words above  and shorter  always
occurred in clause-final positions, . . . w ith the restriction that a true 
pause (silence) had to  be found after any token analyzed” (p. 128).
The various parts o f  the signal, i.e. V, VT, closure and release were identified as accurately as 
possible, given the fact th a t form ants are in a constant state o f  flux. Two tokens o f  peg,  one 
from each co n tex t, i.e., “ a peg  above” and “a peg  shorter” , were selected and edited in 
various ways. Three o f  the altered stim uli are o f interest here:
(1) Vowel shortening (VS)
“ The vowel o f each o f the tw o tokens o f  peg  were shortened to 
approxim ate the average duration  of the vowel in peck  taken from 
the same co n tex t”  (p. 131).
T hat is, if V L  is an effective cue to  voicing in a following stop, then it would be expected
that listeners would hear peck  rather than peg.
(2) Transition substitu tion  (TS)
“ The final transitions of the vowels o f p eg /V  and peg/C  were 
deleted and replaced w ith those from  tokens of the vowels of 
peck /V  and peck/C,  respectively” (p. 131).
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Likewise, if  VT is an effective cue, this m odification should result in listeners hearing peck  
when the transition from peck  is substituted for that in peg.
(3) Vowel shortening/transition substitution (VS/TS). This procedure com bines (1) and 
(2) above. If  both VT and VL are effective cues, then com bining VS and TS should elicit 
more peck  responses than cither procedure alone.
Isolated tokens (i.e. removed from  context) both  unedited and with the various m odifi­
cations were presented to listeners having normal speech and hearing, w ith the following 
results.
(1) The unedited peg was so identified 96% o f  the time.
(2) VS was only moderately effective as a cue in stimuli from  both contexts. Raphael 
states,
“ It is clear from these results that the shortened vowels drawn from 
natural speech contexts are not sufficient cues to  /k / for most of 
the subjects” (p. 133).
(3 ) The effectiveness o f TS as a cue was strikingly dependent on context. Substitution o f 
the VT from “ a peck  above”  in the phrase “ a peg  above” resulted in a weak cue for / k/. 
However, substitution o f the VT from "a  peck  shorter” in the phrase “ a peg  shorter” 
resulted in almost 100% identification o f  the following stop as /k /. That is, when the /g/ 
was followed by the unstressed [a] in above , the VT o f  peck  provided only a weak cue to 
[—voice] in the stop. However, when the /g/ was followed by the stressed / s/ in shorter, 
the VT o f peck  was maximally effective as a cue for [—voice]. This difference is probably 
an indication that resyllabification occurred when /g/ w'as followed by a vow el. That is, the 
/g / shifted from  syllable-final position in the second syllable to syllable-initial position in 
the third syllable.
/aSpEgSaSttAv/ /aSpE SgaSb.w /
This type o f  process is not only well motivated (see Pulgram, 1970), but it would also 
explain the ineffectiveness o f  VL in these tokens: if the vowel o f  peg  is no longer in the 
same syllable as the following stop, it could not be expected to  contain a cue for voicing 
in that stop.
(4) For VS/TS there was, o f course, no change for the tokens from  the pre-consonantal 
con tex t (i.e. peck  responses remained at nearly 100%). For the tokens from  the pre-vocalic 
con tex t, peck  responses rose to  above 70%, showing that the effects o f  the two cues 
are additive.
A reasonable summary o f Raphael’s findings would seem to  be that for this set of stimuli 
these subjects use VT more effectively than VL as a cue to  voicing in a following stop.
Krause {1982)
Based on the findings o f  Zim m erm an & Sapon (1958), House (1961) and Leliiste (1970), 
Krause conducted an experim ent designed to examine the development o f VL as a cue to 
phonological voicing in post-vocalic stops among children. She synthesized three m ono­
syllabic spectral configurations to  represent the pairs bip/bib, p o t /p o d  and back/bag. In 
contrast to Raphael’s (1972) tokens, Krause’s stimuli were varied along only one dimension, 
that o f  vowel length. However, two pairs o f spectra, those for po t /p o d  and back/bag,  con­
tained falling FI transitions, while the third, that for bip/bib , contained a level transition. 
Thus, w ithin a given type, variation in response could be attribu ted  only to  VL. She 
presented these stimuli to three different age groups: 3-year olds, 6-year olds and adults.
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Each subject indicated his response by pressing a bu tton  under a picture that represented the 
test word (see Krause, 198^, p. 991 for discussion). Although in general, an increase in VL 
resulted in a shift from voiceless to  voiced responses in the identification o f  the final stop 
among all three groups, her data suggest
“ that as the  age o f  the listener increased, progressively sh o r te r  
VLs were requ ired  to  shift a listener’s ju dg m en t  o f  a postvocalic 
stop from  voiceless to  vo iced” (p. 992).
In other words, English speakers appear to  acquire the use o f VL as a voicing cue as they 
m ature.
O f particular interest, however, are the two groups o f  children who did not respond 
according to  this general pattern. One group labelled all the back/bag  stim uli (all o f which 
had a falling F l transition) as bag. A second group labelled all the bip/bib  stim uli (all o f 
which had a level FI transition) as bip. Krause notes that
“ F or  som e children the presence o f  an F l  offset trans i t ion  may 
always cue a voiced stop, and absence o f  an F l  trans it ion  may 
always cue a voiceless s top , in dependen t  o f  vowel d u ra t ion  
(L iberm an, eial.,  1958; cf. Raphael 1972)"  (p. 994).
Revoile e t al. ( I 9 S 2 )
This study com pares the relative effectiveness o f several putative voicing cues for tw o groups 
o f  subjects, one group with normal hearing and one group with impaired hearing. Real- 
speech tokens o f the set o f syllables /d x p , d x b , d x t,  d x d , d x k , d x g / were recorded by a 
single speaker. The tokens were modified in various ways in order to  test the relative saliency 
o f  d ifferent acoustic cues. However, we are interested only in the three m odifications 
which are relevant to  the limiting case o f  unreleased, utterance-final stops with no vocal 
fold vibration during closure.
(1 ) A d ju s ted  vow el duration, in which pitch periods were either added to  or deleted from 
the vowel center so tha t the resulting vowel lengths were nearly equal for each cognate pair.
(2 ) Transitions sw itched, in which the last 10 pitch periods o f  the vowel in cognate pairs 
were exchanged.
(3) Transitions deleted , in which the last 10 pitch periods o f  the vowel were deleted.
F or the listeners with normal hearing, the results were as follows. F irst, the adjustm ent in
VL (i.e. shorter than normal vowels befo 'c  /b , d, g/  and longer than norma! vowels before 
/p , t, k /) “ minimally affected voicing perception . . .”  (p. 1149). Second, switching VTs 
resulted in listeners perceiving the voicing characteristic o f  the following stop to  be that o f 
the stop in the syllable in which the VT was produced (e.g. if the VT from  /d x d /  replaced 
the one in /d x t / ,  listeners perceived / d x d /) . Finally, deletion o f  the VT impaired overall 
identification o f  voicing in the following stop, although perception was poorer for the 
syllables ending in [+voice] stops than for syllables ending in (—voice] stops. Revoile e t al. 
claim th a t, in general,
“ normal-hearing listeners seem able to  use the  vowel offsets  as a 
sole source o f  cues to  voicing percep tion  for  final voiced s tops, and  
to  a lesser ex ten t ,  for voiceless s to ps” (p. 1149).
On the o ther hand, although VT was an im portant cue for the hearing-impaired subjects, 
V L was more salient than for normal subjects. That is, the adjusted vowel duration  
m odification resulted in a significant reduction in correct identification o f  the voicing
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characteristic o f  a following stop for the hearing-impaired group. Revoile et al. state in their 
conclusion that
“ A m ajori ty  o f  the  hearing-impaired listeners seemed able to  d iffer­
entia te  voiced from  voiceless stops on the basis o f  the off-going 
transit ion in the preceding vowel, a l though generally no t  as well as 
the  norm al-hearing  listeners. Some hearing-impaired listeners 
depended  largely upon  vowel duration d ifferences or occlusion cues 
o f  m u rm u r  and burs t fo r  the  voicing d is tinc tion  of final stops. None 
o f  the normal-hearing listeners was extremely dependent on the 
duration or murmur cues” (p . 1154, emphasis added).
This suggests that the increased dependence among the hearing-impaired subjects on VL as a 
voicing cue may be a com pensatory adjustm ent. That is, to  the extent that hearing impair­
m ent reduces the ability to  perceive subtle spectral properties, such listeners are forced to 
rely on vocalic duration, perception o f which would presumably be intact as long as the 
gross obstrucnt-vowc! distinction could be made.
Discussion
Let us now consider what generalizations can be made about vocalic cues to uttetance-final 
stops. One way to approach this is to consider the notion of primacy as applied to  ACs. All 
o f  the studies that we have discussed are concerned with the identification o f  the “ prim ary" 
voicing cue(s) for English final stops. In fact, we might say that the notion o f  what might be 
m eant by the term  primary cue underlies the whole endeavor. However, it is clear from an 
exam ination o f  these five s tu d ie^ th a t the term is being used in different ways. Thus, a 
phrase such as “ Those cues most often granted the mantle o f  prim acy" (Raphael 1981, 
p. 127), given w ithou t definition, begs the question o f  what is m eant by prim acy. The failure 
to  direct and to in terpret studies in term s o f specific notions o f prim acy  has resulted in 
confusion and, in some cases, failure to appreciate the significance o f  one’s own research. 
F or exam ple, it seems to  us that Kruase (1982) and Revoile et al. (1982) arc not fully 
interpretable w ithout reference to  the notion that some cues are more “ natural" than others, 
yet each o f  these studies appears to  be concerned only with saliency.
In fact, there are at least three distinct ways in which primacy might be used.
(1) The prim ary A C  is that m odulation  o f  the physical signal which occurs as a necessary 
result o f  the relevant articulatory m ovem ents. Under this definition o f  prim acy, VT would 
have to  be considered the primary cue. Given the fact that the glottis and pharynx assume 
different shapes for [+voice] and [—voice] stops, it is to be expected that the VT before 
a [+voice] stop would be different from that before a [—voice] stop. The pharyngeal cavity 
is m ore constricted during a [—voice] stop closure than during the corresponding [-I voice] 
closure. Similarly, in the case o f  [+voice] stops, the glottis assumes a position in which 
g lottal pulsation could  occur, even when no physical voicing is actually present. However, 
in the case o f  [—voice] stops, the glottis may be wide open, or com pletely closed, as when 
there is a co-articulated glottal stop. Obviously, these different glottal and pharyngeal con­
figurations will affect the respective VTs accordingly.
On the other hand, there does not seem to be any corresponding reason why VL should 
be different before [-fvoice] and [—voice] stops, at least not to  the extent that exists in 
English. Since most languages produce longer vowels before [+voice] segments, there is 
presum ably some psychophysical explanation (Chen, 1970;Javkin, 1976). However, English 
may be unique in exaggerating this difference to  the point where it is capable to  functioning 
as a cue (Anderson, 1981, pp. 507 -508). Thus, since VT, but not VL, is apparently an
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
31
T. Walsh and F. Parker
unavoidable  p ro d u c t  o f  the relevant a r t icu la to ry  configurations, we w ould  want to  claim 
tha t  V T  is the  p r im ary  physical cue in the sense defined in (1).
(2 )  The prim ary A C  is that acoustic property' which is m ore natural, in the sense that 
utilization o f  the cue is innate, or, at least, learned very early. T he  findings o f  Krause (1982)  
suggest tha t  V T  is the more na tura l  cue in this sense. She no tes  that
“ for  som e ch ildren the  presence o f  an F l  offset transit ion may 
always cue a voiced s top , and absence o f  an F l  transition may 
always cue a voiceless s top , independen t  o f  vowel duration  
(L iberm an  ct al., 1958; cf. Raphael 1972)”  (p. 994).
F u r th e rm o re ,  she presen ts  evidence tha t  the F l  transit ion  must be viewed as the primary 
cue in th a t  it is apparen t ly  u tilized as a cue to  post-vocalic s top  voicing earlier than  vowel 
d u ra t ion .  K rause s ta tes  that
“ a re f inem en t o f  vowel du ra t ion  [as a cue] with an increase in age 
is dem on s tra ted  for  b o th  speech percep t ion  and and produc tion  . . . 
This may indicate  th a t  a voicing contrast th a t  depends  on the  vowel 
du ra t ion  cue is m ore ‘d if f icu l t’ to  learn th a t  o th e r  acoustic cues for 
postvocalic voicing co n tra s ts” (p. 994).
T hus, the  use o f  V T  as a cue w ould  appear to  be learned earlier and more easily than VL. 
This w ou ld  co rrespond  to  the above-m en tioned  fact tha t while vowel lengthening before a 
voiced o b s t ru en t  is apparen t ly  universal am ong the  w orld ’s languages, English is exceptional 
in exaggerating (i.e. phonologizing) this d is t inc tion  so tha t  it is capable o f  functioning as a 
cue. We w ould  expec t  the language-specific cue to  be the one  which is learned later and with 
m o re  d iff icul ty .  Sim ilarly, Revoile et al. (1 9 8 2 )  suggest tha t  since VL is enhanced  as a voicing 
cue am on g  hearing-impaired speakers, it is secondary  to  VT. T ha t  is, jus t as children appear 
to  have to  learn (in  the empiricist sense) to  use V L  as a voicing cue, so hearing-impaired 
speakers appear  to  have to  learn to  depend  on it as they lose the ability to  make the more 
subtle  d is t inc tion  be tw een  VTs. In short ,  all the evidence poin ts  to  VT as the primary cue 
as defined  above in (2).
( 3 )  The prim ary A C  is that acoustic characteristic which is more salient, in the sense that 
it is the m ore p ow erfu l cue. that is, the cue to  which the listener will a ttend  in the event o f  a 
conflict o f  cues. R aphael (1 9 7 2 )  leaves no  d o u b t  tha t  V L  is the prim ary  cue in this sense. 
A lthough  V T  is apparen tly  sufficient to  iden t ify  voicing in a following consonan t ,  at least 
at some mid range o f  vowel lengths, an ex trem ely  long vowel can force a listener to  identify 
a following s top  as [-fvoice] even w hen the transit ion  conta ins  a level F L  Conversely, a very 
short vowel can force a [—voice] response to  stimuli conta in ing  a vowel w ith  a falling F l .  
T his  com plex  re la tionsh ip  gives V L  a ra ther  odd  s ta tus  as a cue. That is, the  only practical 
fun c t io n  w hich V L  appears  to  have is to  override V T  at ex trem e  vowel lengths.
A  speech m od e l  w hich  w ould  inco rp o ra te  R aphae l’s findings would be a gross d is tort ion  
o f  n a tu ra l  speech. Assume [as was apparen t ly  the  case w ith  some o f  the hearing-impaired 
subjects o f  Revoile et al. (1 9 8 2 ) ]  th a t  listeners canno t use F l  transit ions as a cue. Since 
response for R a p h a e l’s subjects was u nan im ous only  below 175 ms and above 3 0 0  ms, 
natura lly  p ro du ced  vowels before [—voice] s tops w ould  have to  be less than  abou t 175 ms 
and those before  [+voice] stops grea te r  than abou t  3 0 0  ms. This w ould  no t be a d is tort ion  
on  the low er end ,  as vowels bel 'oic / p, t, k /  ate typically  shor te r  than 175 ms; however, 
vowels before /b ,  d, g/  are se ldom  longer than 2 50  ms. In fact, in real English speech, most 
vowels before  /b ,  d , g/ fall w ith in  a range which, according to  R aphael 's  data ,  w ould  cue 
only /p ,  t, k /  (H ouse  & Fairbanks, 1953).
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In  any case, we m ay p resum e th a t  the  F l  trans i t ion  in real speech always accurately  
predic ts  voicing. T h a t  is, a speaker  always p ro d uces  the appropr ia te  transit ion , and a listener 
will always tend  to  perceive a fo llow ing co n so n a n t  as [—voice] after  a level transit ion  and 
[+voice] af te r  a falling transit ion . T hus ,  i f  the tw o  cues do  no t  re inforce each o th e r ,  then  
the only effect o f  V L  as a cue  w ou ld  be to  force a response opposite  to  tha t  cued by the  F 1 
transit ion . It is d ifficult,  how ever ,  to  unders tand  ho w  such a conflict could come abo u t  in 
real speech, unless we wish to  claim that speech is som etim es  p ro du ced  with the  wrong 
transit ion  cue, i.e. a level F l  before  an in ten ded  [+voice] co nson an t  or a falling F l  before 
an in tended  [—voice] con son an t .  Moreover,  as we have po in ted  o u t ,  the vowel d u ra t ion  
necessary to  override an incorrec t ly  p ro d u ced  [—voice] transit ion  cue (i.e. a falling F l )  
w ould  have to  be greatly exaggerated.
H ow  are we to  explain, then ,  R a p h a e l’s da ta ;  tha t  is, h o w  is it possible that an acoustic  
characteristic  which by every m etr ic  is secondary  is in fact the m o ie  salient o f  the pre- 
consonanta l  cues? The simplest exp lan a t io n  w ould  seem to  be tha t  this  si tua t ion  arises 
th rough mere association; that is, we w ould  guess, fo r  exam ple , tha t i f  a bell were rung each 
time a [+voice] s top  occurred , lis teners w ould  eventually  learn to  iden tify  voicing on the 
basis o f  bell-ringing alone. T hus, any  acoustic  p ro p e r ty  which typically accom pan ies  a given 
phonological feature is in principle  available as a cue.
A ccording to  this hypothes is ,  all ch ildren  at first would respond to  the  natura l  AC, VT. 
T h en ,  at some p o in t  in their deve lop m en t ,  children exposed to  English w ould  learn to  
associate the  V L  differential w ith  phonologica l voicing. This  is possible in English because 
V L  serves no  o ther  phonological purpose . T h a t  is, VI. docs no t func t ion  as a vowel cue, 
as it dues in some languages (e.g. D u tch  and G erm an) .  I f  the child suffers a hearing loss, 
V L  becom es the active cue. O therw ise ,  VL is learned (in the empiricist sense) as a voicing 
cue, bu t only passively; i.e. it is on ly  p o ten t ia l ly  a cue. This po ten t ia l i ty  is realized only in 
artificial situations, such as in R a p h a e l’s syn th e t ic  speech ex per im en t ,  in which there is only 
o ne  o th e r  cue, the presence or absence o f  the falling F l .  Even here gross exaggeration o f  
V L  is necessary to  render it e ffective as a voicing cue.
T o  sum marize, we have ex am in ed  five studies, each o f  which deals, at least in part ,  with 
the  prob lem  o f  how  phonological voicing is cued in utterance-final s tops in the absence o f  
the stop closure and release. All o f  the  studies po in t  to the transit ion  o f  the preceding vowel 
as the prim ary  cue. In fact, one  physical characteris tic ,  the presence or absence o f  a falling 
F l  in the transit ion  proves to  be  the  opera tive  cue for vowels o f  average du ra t io n .  How ever, 
e x trem e  vowel dura t ions can overr ide the  transit ion  cue, and, in fact ,  becom e the operative 
cue for some hearing-impaired speakers. We explain this as a process o f  association. T h a t  is, 
since vowels preceding [+voice] s tops  are typically  longer than vowels preceding [—voice] 
stops, speakers learn to  use this d if ference  as a voicing cue. However, it rem ains a passive cue 
for  norm al speakers.
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NOTES AND DISCUSSION
Voice-Onset Time as a Clue to the Nature of 
Broca Speech Errors
T h o m a s  W a l s h
Louisiana Stale University
Blumstein. Cooper. Goodglass, Statlender. and Gottleib (Brain and Language,
9, 153-170 (19801) aucm pt lo determ ine by an exam ination o f the VOTs o faphasic  
speakers w hether llro ca 's  aphasics make phonemic substitutions in addition to 
their well-known phonetic errors. There are a num ber o f problem s with this 
study, mostly due to an apparent failure to fully appreciate the tact that VOT 
is a cover term foi several acoustic features. It is suggested that VOT m easurement 
in any given position in a word cannot solve this problem and that future studies 
should include gloltographic observations as well as VO T m easurem ents made 
in all positions in the word.
It is well know n that W e rn ick e’s aphasics (W ’s) typically m ake  phonem ic  
e r r o r s ,  e .g . ,  the  su b s t i tu t io n  o f / d /  for /I/. On the o th e r  h a n d ,  B r o c a ’s 
a p h a s ic s  ( B ’s) m ake  p hone t ic  e r ro rs .  T ha t  is, th e y  p r o d u c e  so u n d s  w hich  
d o  not m a tc h  any  n o rm a l  p ro d u c t io n .  H o w e v e r ,  in so m e  c a s e s  B ’s a lso  
s e e m  lo m a k e  p h o n em ic  e r ro rs .  T h e  p rob lem  is th a t  the  sp e e c h  o f  B 's  
is typ ica l ly  so  d is to r te d  tha t it is difficult to  d e te r m in e  w h e th e r  these  
e r ro rs  are  phonem ic substitu tions o r  merely gross  d is to rtions o f  a  correctly  
p la n n e d  so u n d .
B lu m ste in ,  et al. (1980) a t te m p ts  to  shed  light on  th is  p ro b le m  using  
th e  single p a ra m e te r ,  v o ic e -o n se t  tim e (VO T). A g r o u p  o f  su b je c ts  c o n ­
ta in ing  B , W , and  C o n d u c t io n  ap h a s ic s ,  to g e th e r  w ith  n o rm a l  s p e a k e r s ,  
an d  o n e  n o n a p h a s ic  d y sa r th r ic  read  a list o f  w o rd s  b e g in n in g  w ith  vo iced
an d  v o ic e le ss  s to p s  in the  ca r r ie r ,  “ T h i s ___________ , ’’ e .g . ,  “ T h is  b a r n ,"
“ T h is  p a l . "  T h e  re su l t s  w ere  th e n  a n a ly z ed  in te rm s  o f  th e  V O T  o f  the  
initial s to p s .  E x a m in a t io n  o f  the  no rm al p ro d u c t io n s  s h o w e d  a  c l e a r  
dem arca t ion  be tw een  the  V O Ts o f  voiced and voiceless pairs .  F o r  exam ple ,
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th e  V O T  fo r  /d / r a n g e d  from  —105 to  + 2 0  m se c ,  and  tha t  fo r  III f rom  
+  40 to  + 1 5 0  m se c ,  w ith  a 20-m sec range  in w hich  very  few re s p o n s e s  
fell. T h is  gives a m etr ic  against which to m easure  the aphasic  p roductions.
T h e  W  a n d  C o n d u c t io n  p ro d u c t io n s  p ro v ed  to  be  un in te res t ing .  It w as  
conc luded  that the C o n d u c t io n ’s do  not constitute  a sufficiently hom ogenous  
g ro u p  to  ju s t i fy  g e n e ra l iz a t io n .  In the  case  o f  the  W ’s the  on ly  in te res t ing  
finding is th a t  this g ro u p  te n d s  to vo ice  the  en t ire  vo iced  s to p  c lo su re ,  
a  fac t w h ich  ca n n o t  b e  exp la ined  w ithou t fu r th e r  r e se a rch .  T h e re fo re ,  
th e  fo llow ing  d is c u s s io n  will be  limited to  the  p rob lem  o f  w h e th e r  it is 
p o ss ib le  by  any  e x a m in a t io n  o f  the  V O T s  o f  initial s tops  to  d e te rm in e  
w h e th e r  B ’s m a k e  p h o n e m ic  subs t i tu t ions .
T h e  g raph  (Blumstein el al.,  1980, p. 158) o f  the alveolar stop productions 
o f  a W , a B, and  a co n t ro l  i l lu s tra tes  the  p ro b lem  well. C lea r ly ,  the  B 
h a s  a g rav e  deficit: ju d g in g  f rom  this g raph  a lone  w e w ould  h av e  to  say  
th a t  th is  s p e a k e r  h ad  a sp e e c h  loss w hich  invo lved  the  o b l i te ra t ion  o f  
th e  vo ic ing  d is t inc t ion  in initial a lv eo la r  s tops .  M ost o f  the  V O T s  fall 
within the range o f  + 2 0 - +  40 m sec,  the range in which few VV productions 
a n d  a lm o s t  no  n o rm a l  p ro d u c t io n s  fall. H o w e v e r ,  the  B m a d e  so m e  
a p p a re n t  su b s t i tu t io n s .  T h a t  is, in so m e  ca se s  the  V O T  fell w ith in  the  
range  o f  th e  o p p o s i te  m e m b e r  o f  the  in tended  ta rge t ,  e .g . ,  a V O T  in the  
III range  w h en  the  in te n d ed  w ord  w as  dull. T h u s ,  the  V O T s  a l low ed  
e a c h  p ro d u c t io n  lo  b e  labeled  as a co r rec t  p ro d u c t io n ,  a  p h o n e t ic  e r ro r ,  
o r  a p h o n e m ic  e r ro r .  T h a t  is. if  the  V O T  w as on  ta rge t and  w ith in  the  
p e rm iss ib le  range ,  it is ca lled  c o r re c t .  If  the  V O T  falls o u ts id e  the  p e r ­
m iss ib le  ra n g e  for  th is  pa ir ,  e .g . ,  b e tw e e n  + 2 0  an d  + 4 0  for  / t / - /d / ,  it is 
ca lled  a p h o n e t ic  e r r o r ,  an d  if the  V O T  falls w ith in  the  no rm al range  
bu t o f f  ta rg e t ,  e .g . ,  a  V O T  o f  o v e r  40 m sec  for  the  initial se g m en t  o f  
do ll, it is ca lled  a p h o n e m ic  e rro r .
Based on the  overall distribution o f  VOTs relative to  target, and classified 
in the  w ay  m e n t io n e d  a b o v e ,  we c o n c lu d e  tha t B ’s m a k e  bo th  p h o n e t ic  
and  p h o n e m ic  e r io r s  on  initial s top  c o n s o n a n ts .  T w o  poss ib le  w a y s  o f  
an a ly z in g  th e se  re su l t s  a re  no ted .  ( I )  T h e  tw o  types  o f  e r ro rs  a re  q u a n ­
ti ta t ive ly  d if fe ren t  r e su l t s  o f  a single d iso rd e re d  m e c h a n ism ,  o r  (2) the  
tw o  ty p e s  o f  e r ro rs  a re  qual i ta t ive ly  d iffe ren t re su l te s  o f  tw o  d if fe ren t  
d i so rd e rs .  S ince  the  raw  V O T  d is t r ibu t ion  d o e s  not point to  e i th e r  o f  
th e se  a s  th e  c o r re c t  e x p la n a t io n ,  an  a t te m p t  is m ade  to  a d d r e s s  the  
p ro b le m  by  b rea k in g  d o w n  the  tw o  e r ro r  ty p e s ,  i .e . ,  " p h o n e t i c ”  if the  
V O T  falls ou ts ide  the  range for ei ther  voiced o r  voiced type, o r  " p h o n e m ic ”  
i f  the  ra n g e  is n o rm a l  but the  ta rge t is w rong , in te rm s  o f  the  n u m b e r  
o f  e r r o rs  m a d e  on v o ic e d  and  vo ice le ss  ta rge ts .  T h is  an a lys is ,  a l though  
in te re s t in g ,  is in c o n c lu s iv e .  In fac t,  the b re a k d o w n  o f  e r ro rs  (see  T ab le  
1) a p p e a r s  to  c o r re la te  as  m u c h  w ith  P lace  a s  with V oice .
B ’s m a k e  m ore  “ p h o n e t i c ”  than  “ p h o n e m ic ”  e r ro rs  on  labials  and  
m o r e  o f  b o th  ty p e s  o n  /g/ as  o p p o se d  to  Ikl. O n  the  o th e r  h an d ,  the
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TA B LE 1
P e r c e n t a g e  P h o n e t i c  a n d  P h o n e m i c  E r r o r s  o f  T o t a l  P r o d u c t i o n  f o r  E a c h  T a r g e t  
C o n s o n a n t  f o r  B a n d  W A p h a s ic s
P b 1 d k B
Phonetic errors
Broca 31.0 34.5 15.3 28.3 5.8 43.0
W ernicke 1.0 2.0 10.0 4.0 4.0 3.8
Phonem ic errors
Broca 9.25 6.25 17.25 8.75 1.20 41.75
W ernicke 2.20 6.25 0 10.8 2.53 3.40
a lv e o la rs  sh o w  a m ix e d  d is t r ib u t io n ,  w ith  m ore  “ p h o n e t i c ”  e r r o r s  on  
/d /  an d  m o re  “ p h o n e m ic ”  e r ro rs  on h i.  H o w e v e r ,  the  overa ll  d is t r ib u t io n  
d oes  not seem  to w arran t  a claim that tw o different d iso rders  a re  involved.
N e x t ,  the  d is t r ib u t io n  o f  " c o r r e c t ”  p ro d u c t io n s  w as  e x a m in e d ,  i .e . ,  
th o s e  w ith  V O T s  falling w ith in  the perm iss ib le  range for  the  ta rg e t .  A g a in ,  
the  findings d o  not so lve  the  p rob lem . T h e  significant re su l t s  a re  th a t  
W ’s, as  m e n t io n e d  a b o v e ,  tend  to  p rev o ic e  vo iced  s to p s ,  w h ile  B ’s te n d  
to  shift V O T s  to  the  r ight,  resu lt ing  in a  V O T  fo r  v o ic e le ss  s to p s  w h ich  
is g r e a te r  th a n  tha t for  n o rm als .  W hile th is  suggests  tha t pa r t  o f  the  
p ro b le m  for  B 's  m ight lie in a difficulty to  initiate voca l  fold v ib ra t io n ,  
it still d o e s n ' t  tell us  w h e th e r  the  e r ro rs  o c c u r  on  the  p h o n e m ic  o r  
p h o n e t ic  level.
F ina lly ,  th e  c o m p a r i s o n  o f  B ’s p ro d u c t io n s  with  th o se  o f  a  d y s a r th r ic  
su b je c t  s e e m  to  sh o w  a qua l i ta t ive  d if fe rence ,  i .e . ,  th a t  B ’s h a v e  an  
a r t ic u la to ry  co d ing  deficit r a th e r  th a n  a low-level m o to r  d iso rd e r .
T h e  fo llow ing  g en e ra l  c o n c lu s io n s  a re  d raw n :
1. B ’s h av e  a p e r v a s iv e  p h o n e t ic  deficit.
2. B ’s d o ,  h o w e v e r ,  m a k e  so m e p h o n em ic  e r r o r s ,  w h ich  a re  m o re  
likely o n  vo ice le ss  s to p s .
3. T h is  cou ld  be a  specific p rob lem  re la ted  to  the  t im ing  o f  th e  in i t ia t ion  
o f  g lo tta l  pu lsa t ion  o r  a m o re  genera l  t im ing p rob lem .
4. It is e m p h a s iz e d  tha t  V O T  w as  the  on ly  m e a s u r e m e n t  m a d e .
T h e r e  a re  p ro b le m s  with  this s tudy .  In th e  first p lace ,  no  c le a r  def in i t ion
is m a d e  o f  th e  te rm s  p h o n o lo g ic a l, p h o n e m ic ,  and  p h o n e t ic .  T o  d e s c r ib e  
ph o n o lo g ic a l  e r ro rs  as  “ e r ro rs  involv ing  the  su b s t i tu t io n  o f  p h o n e m e s  
o r  d is t in c t iv e  sp e e c h  so u n d s  o f  a p a r t icu la r  la n g u a g e "  (B lu m s te in ,  1980, 
p. 154) is to  beg  the  q u es t io n .  S ince  this  s tudy  d ea ls  w ith  V O T  m e a ­
s u r e m e n ts ,  it is first n e c e s s a ry  to  d e te rm in e  w h e th e r  V O T  is a  p h o n e m ic  
o r  p h o n e t ic  fea tu re .  T h e  m otiva tion  fo r  such  a m etr ic  is the  fac t th a t  the  
p r im a ry  vo ic ing  c u e  for  Eng lish  initial s to p s  is the  p r e s e n c e  o r  a b s e n c e  
o f  a s p i ra t io n ,  and  n o t ,  as  the  D is t inc tive  F e a tu re (D F )  spec if ica tion  w ou ld  
su g g e s t ,  the  p re s e n c e  o r  a b s e n c e  o f  g lottal pu lsa tion .  S ince  a s p ira t io n  is
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g en e ra l ly  c o n s id e r e d  a  p h o n e t ic  ru le ,  to  label an  e r r o r  p h o n e m ic  o n  the  
bas is  o f  V O T ,  w h ic h  is m ain ly  a m e a n s  o f  quan t ify in g  a s p ira t io n ,  r eq u ire s  
so m e  ju s t i f ica t io n .
T h e  nex t p r o b le m  is a fu nc t ion  o f  the  first. It is a ssu m e d ,  r a th e r  than  
p r o v e d  th a t  so m e  V O T s .  i .e . ,  th o se  falling w ith in  the  no rm al  range  for  
the  o p p o s i t e  m e m b e r  o f  the  in te n d e d  s to p ,  r e p re s e n t  ph o n em ic  e r ro rs .  
N o  d o u b t ,  a V O T  an a ly s is  c a n  exp la in  w hy  B 's  s o u n d  as  if th e y  m a k e  
p h o n e m ic  s u b s t i tu t io n s .  H o w e v e r ,  if V O T  is a  func tion  o f  the  " p h o n e t i c ”  
level o f  th e  s o u n d  s y s te m ,  a s  has  genera lly  b ee n  a s s u m e d ,  it is not 
a p p a r e n t  tha t  s u c h  a  s tu d y  c a n  be  m a d e  to  d if fe ren t ia te  p h o n e t ic  e r ro rs  
f ro m  p h o n e m ic  e r r o r s .
T o  a t te m p t  to  a p p r e c ia te  the  p ro b le m ,  c o n s id e r  the  fo llow ing (p robab ly  
g ro ss ly  o v e rs im p lif ied )  m ode l o f  th e  sp e ec h  p ro d u c t io n  sy s tem .  S u c h  a 
sy s te m  m u s t  c o n s is t  o f  at ieast th re e  " l e v e l s . "  An item  to  b e  p ro d u c e d  
m u s t  p r e s u m a b ly  b e  s to re d  in a m e n ia l  lex icon  w ith ,  am o n g  o th e r  th ings ,  
a suffic ien tly  r ich  D F  spec if ica tion  to  e n s u re  tha t  the  o th e r  c o m p o n e n ts  
o f  the sy s tem  will b e  able to realize every  segment. That is, all nonredundan t 
D F s  m ust  be  sp e c if ie d .  N ex t  (logically , tha t is) th e re  m us t  be a " p h o n ­
o lo g ic a l "  c o m p o n e n t  w hich  ca n  fill in any  D F s  w h ich  w ere  unspecif ied  
in the  s to r e d  fo rm  a n d  w hich  can  a lso  specify  the  en v i ro n m e n t  in w hich  
th e  i tem  will o c c u r ,  i .e . ,  tha t  /d / in d o ll is in initial po s i t io n ,  th a t  it 
p r e c e d e s  /a / ,  e tc .
T h is  c o m p le te  spec if ica t ion  o f  D F s  for  all s e g m en ts ,  a s  well as  any  
re le v an t  e n v i ro n m e n ta l  in fo rm a t io n ,  fo rm s  the  input to  the  final level,  
i . e . ,  the  " p h o n e t i c "  c o m p o n e n t .  T h e  o u tp u t  o f  this  c o m p o n e n t  ca n  be 
thought o f  a s  e i th e r  the  w ave fo rm  itself, o r  the m o to r  instructions necessary  
to  g e n e ra te  su c h  a  w a v e fo rm .
If  th is ,  o r  s o m e  s im ila r  o rg a n iz a t io n  is a s s u m e d ,  then  error  w ou ld  be 
d e f ined  in te rm s  o f  the re la t io n sh ip  o f  in p u l to  o u tp u t  o f  a specific 
c o m p o n e n t .  F o r  e x a m p le ,  if the  inpu t to  the  phono log ica l  p r o c e s s o r  is 
th e  lexical i tem  d o ll, and  the  o u tp u t  is a  set o f  in s t ru c t io n s  to  p ro d u c e  
d o ll in th e  a p p r o p r i a t e  e n v i ro n m e n t ,  th e n  no  m a t te r  w ha t  h a p p e n s  next 
th e re  is n o  p h o n o lo g ic a l  e r ro r .  O n  th e  o th e r  h an d ,  if d o ll c a m e  out 
specifying [ -  voice] fo r  the first segm ent ,  we would call this a phonological 
e rro r .  If, h o w e v e r ,  th e  /d/ w ere  correc tly  specified to  the phonetic p rocessor,  
a n d  the  o u tp u t  w a s  an  initial s e g m e n t  with  a  V O T  o f  + 5 0  m se c ,  w e 
w o u ld  call th is  a p h o n e t ic  e r ro r .  N o w  it shou ld  be  c lea r  th a t  no th ing  
c o n c lu s iv e  c a n  be  sa id  a b o u t  the  n a tu re  o f  an  e r r o r  un le ss  it ca n  be  
sh o w n  th a t  th e  p r e s e n c e  o f  a g iven  V O T  ca n  be c o r re la te d  w ith  an input/  
o u tp u t  d i s c r e p a n c y  w ith in  a  specif ic  c o m p o n e n t .  F u r th e rm o re ,  g iven the  
fac t th a t  B ’s h a v e  a  s e v e re  p h o n e t ic  defic it,  it is eq u a l ly  c lea r  tha t  w h e th e r  
th e  o u tp u t  o f  th e  p h o n o lo g ic a l  c o m p o n e n t  is c o r re c t  o r  n o t ,  it is likely 
to  be d is to r te d  by  th e  p h o n e t ic  c o m p o n e n t .  T h u s ,  it is difficult to  see  
h o w  e r r o r s  ca n  be  def ined  a s  p h o no log ica l  on  the  bas is  o f  a V O T  ana lys is .
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All th a t  c a n  be  c o n c lu d e d  f ro m  a s tu d y  o f  the  signal i tse lf  is a  phys ica l  
e x p la n a t io n  fo r  th e  s u b je c t iv e  j u d g m e n t  th a t  a p h o n e m ic  s u b s t i tu t io n  has  
b e e n  m a d e ;  th a t  is, it e x p la in s  w h y  so m e  /d / ’s so u n d  like / t / ’s.
F u r th e r  e v id e n c e  th a t  th e  full ra n g e  o f  ac o u s t ic  p h e n o m e n a  c o v e r e d  
b y  th e  te rm  V O T  is n o t  a lw a y s  a p p re c ia te d  is sh o w n  by  the  fo llow ing  
q u o te .  “ It  is n o t  c l e a r  w h a t  V O T  v a lu es  bes t  c o n s t i tu te  th e  . . . lo w e r  
limit fo r  p r e v o ic e d  c o n s o n a n t s  . . (B lu m s te in  e t  a l . ,  1980, p. 159). 
A p p a r e n t ly ,  it is n o t  b e in g  k e p t  in m ind  th a t  V O T  is bas ica lly  a n  a t te m p t  
to  q u a n t i fy  a  p h o n e t ic  p a r a m e te r  hav ing  on ly  an  in d ire c t  r e la t io n sh ip  
w ith  th e  p h o n o lo g ic a l  d is t in c t io n  w h ic h  it rea lizes .  T h a t  is, th e  fac t  th a t  
a s p i ra t io n  r a th e r  t h a n  g lo tta l  p u lsa t io n  typ ica l ly  c u e s  vo ic ing  in initial 
s to p s  s h o u ld  n o t  o b s c u r e  th e  fac t th a t  the  un d e r ly in g  fea tu re  is I ±  voice]  
a n d  th a t  s o m e  E n g l ish  s p e a k e r s  a s  well as  m o s t  S p an ish  a n d  F re n c h  
s p e a k e r s  p r o d u c e  g lo t ta l  p u lsa t io n  du r in g  the  en t i re  v o ic ed  s to p  c lo su re .  
T h e r e f o r e ,  it is o d d  th a t  it i s n ’t n o te d  th a t  th e  lo w e r  limit fo r  V O T  in 
prevo iced  initial s tops  is the  entire  s to p  closure .  I f  what is being ques tioned  
is th e  le n g th  o f  the  s to p  c lo su re  fo r  W ’s v is -a-v is  n o rm a ls ,  it sh o u ld  be  
q u e s t io n e d  d i r e c t ly ,  n o t  in te rm s  o f  V O T ’s.
A  final c r i t ic ism  c o n c e r n s  th e  c a r r i e r  p h ra s e  w hich  w as  u se d .  A  m o re  
c o m p ro m is in g  c a r r i e r  co u ld  h a rd ly  h av e  b e e n  s e lec ted .  A l th o u g h  it is 
n o te d  th a t  th e  / s / o f  th is  t e n d s  to  sh o r te n  V O T  v a lu es  fo r  a  fo llow ing  
v o ic e le s s  s to p  (B lu m s te in  et a l . ,  1980, p. 159), the  a u th o r s  o v e r lo o k  th e  
fac t tha t  in c o n n e c t e d  s p e e c h  a  w ord-final /s /  is likely to  fo rm  a  c o n s o n a n t  
c lu s te r  w i th  a  fo l lo w in g  /p , t ,k /  so  tha t  n o  a s p i ra t io n ,  i .e . ,  a  v e ry  sh o r t  
V O T ,  will o c c u r .  T h a t  is, it is l ikely th a t  in rap id  p ro d u c t io n s  / / th i s  tap //  
will b e c o m e  / / th l  s tap / / ,  w ith  an  u n a s p ira te d  s to p  /t/.  In  th e  ca se  o f  
/b ,d ,g /  th e  p re c e d in g  /s/  c o u ld  fo rc e  d ev o ic in g ,  so  tha t  V O T ’s fo r  all 
v o ic e d  a n d  v o ic e le s s  p a i rs  w o u ld  be  c lo s e r  to  ea c h  o th e r  th a n  a f te r  som e 
le s s -c o m p ro m is in g  se g m e n t .  I f  su c h  is th e  c a se  fo r  n o rm a ls ,  w e  m ight 
p re d ic t  th a t  th e  c o n fu s io n  w o u ld  be  h e ig h ten e d  fo r  a p h a s ic  sp e a k e rs .
I w o u ld  like to  m a k e  th e  fo llow ing  su g g e s t io n s  fo r  fu tu re  r e s e a r c h  o n  
this  p ro b le m .  F i r s t ,  I w o u ld  suggest  tha t  the  r a w  sp e e c h  signal be  s u p ­
p le m e n te d  by  ph y s io lo g ica l  o b s e rv a t io n s .  F o r  ex a m p le ,  in th e  p ro d u c t io n  
o f  initial s to p s  p h o n e m ic  vo ic ing  is m a rk e d  in n o rm a ls  by  th e  s ta te  o f  
th e  g lo tt is .  T h a t  is ,  w h e th e r  ac tu a l  g lottal p u lsa t io n  o c c u r s  o r  n e t .  d u r in g  
c lo su re  fo r  v o ic e d  s to p s  the  g lo tt is  is p o s i t io n ed  in su c h  a  w a y  th a t  
p u lsa t io n  co u ld  o c c u r .  O n  th e  o th e r  h a n d ,  du r in g  c lo su re  fo r  v o ic e le ss  
s to p s  th e  g lo t t is  is w ide ly  sp re a d  so  tha t  a s p ira t io n  c a n  o c c u r  u p o n  re le ase  
(D ix it ,  fo r th c o m in g ) .  I sugges t  th a t  in s o m e  fu tu re  s tu d y ,  th e  s ta te  o f  
th e  g lo tt is  be  o b s e r v e d  in c o n ju n c t io n  w ith  V O T .  A l th o u g h  it is im poss ib le  
to  a r r iv e  a t  c e r t a in ty  in th is  w a y ,  th e  c o n s id e ra t io n  o f  th e se  tw o  fa c to rs  
co u ld  be  h igh ly  su g g e s t iv e .
F o r  e x a m p le ,  if  g lo tta l  s ta te  a n d  V O T  co in c id e  in th e i r  p re d ic t io n s ,
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w e could  be  m o re  c e r ta in  tha t the  p ro d u c t io n  w a s  the  resu l t  o f  the  o u tp u t  
o f  the  p h o no log ica l  c o m p o n e n t .  T h u s ,  if su c h  a p ro d u c t io n  is o ff  ta rge t ,  
w e  cou ld  be m o re  ju s t i f ie d  in ca lling  it a p h o n e m ic  e r ro r .  H o w e v e r ,  no te  
tha t  in c a se  g lo ttal  s ta te  a n d  V O T  are  c o n t r a d ic to ry ,  e .g . ,  o p e n  glo tt is  
and  sho r t  V O T ,  w e  w o u ld  k n o w  tha t th e re  is a p h o n e t ic  p ro b le m ,  but 
we w ou ld  not be  a b le  to  say  w ith  c e r ta in ty  w h a t  p h o n e m e  w a s  in te n d ed .
A se co n d  w ay  to  a p p r o a c h  the  p ro b lem  w ou ld  be  to  e x a m in e  the  sam e 
s to p  c o n s o n a n ts  in o th e r  p o s i t io n s  in the  w o rd .  S ince  the  a c o u s t ic  cu e s  
fo r  m edial and  final s to p s  a re  d if fe ren t  f rom  the  c u e s  fo r  initial s to p s ,  a 
pu re ly  p h o n e t ic  deficit w o u ld  o f  n e c e s s i ty  resu lt  in d if fe ren t  k inds  o f  
d is to r t io n s .  S ince  th e  m e c h a n i s m s  invo lved  a re  un like ly  to  be  o n  the  
sa m e level o f  p h y s ic a l  d ifficu lty ,  w e  w ou ld  e x p e c t  p h o n e t ic  e r ro rs  to 
h av e  a d if fe ren t  d is t r ib u t io n  p a t te rn  in d if fe ren t  po s i t io n s  in the  w ord .  
T i ie re fo re ,  if the  d is t r ib u t io n  o f  a p p a re n t  p h o n e m ic  e r r o rs  is the  sa m e 
in ail pos i t ions  in B s p e e c h ,  w e  w o u ld  be  m o re  ju s t if ied  in sp e a k in g  o f  
p h o n em ic  su b s t i tu t io n s  in su c h  sp e a k e rs .  F o r  ex a m p le ,  o n e  cue  to  vo ic ing  
in a final s to p  is p re c e d in g  vow el length: v o w e ls  a re  longe r  be fo re  vo iced  
stops. A lthough the exact m echan ism  for m aking this durational distinction 
is not c lea r ,  it is c l e a r  th a t  it invo lves  a d if fe ren t  m e c h a n ism  th a n  d o es  
the  tim ing o f  g lo tta l  p u lsa t io n  re la t ive  to  s to p  re lease  in initial s tops .  
T h u s ,  if the  tim ing  o f  g lo tta l  pu lsa tion  w ere  m ore  difficult to  m a n ag e  
than  the  vo w e l- le n g th  a d ju s tm e n t ,  w e  w ou ld  e x p e c t  to  find m o re  p h o n e t ic  
e r ro rs  in initial th a n  in final pos it ion .  H o w e v e r ,  if the  s p e a k e r  is m ak ing  
p h o n em ic  su b s t i tu t io n s ,  th is  shou ld  be reflec ted  in o u tp u t  reg a rd le ss  o f  
the re la t ive  d ifficulty  o f  the  p ro d u c t iu o n  m e c h a n ism s .  M o re o v e r ,  s ince  
B ’s h av e  t ro u b le  in in i t ia t ing  s o u n d s ,  w e  w ou ld  e x p e c t  f e w e r  p h o n e t ic  
d ifficulties in final p o s i t io n .  T h u s ,  if the  n u m b e r  o f  a p p a re n t  p h o n e m ic  
e r ro rs  is re la t ive ly  c o n s ta n t  in all p o s i t io n s ,  while  at the  sam e t im e few er  
a p p a re n t  p h o n e t ic  e r r o r s  o c c u r  in final p o s i t io n ,  it w ou ld  suggest  a  p h o ­
nem ic ,  as  well as  p h o n e t ic  deficit.  O n the  o th e r  h an d ,  if  all e r r o rs  are  
re d u c e d  in final p o s i t io n ,  w e  w o u ld  be  m o re  ju s t if ied  in c o n c lu d in g  that 
th e re  is on ly  a p h o n e t ic  defic it.
F ina lly ,  1 w ou ld  suggest  th a t  the  c a r r ie r  p h ra se  be c h a n g e d  so  as  to  
m in im ize  the  e n v i ro n m e n ta l  e ffec t on  V O T . F o r  e x a m p le ,  if the  ta rge t
item s w ere  e m b e d d e d  in the  p h ra s e  “ S a y  ”  the  c a r r ie r  w ou ld  exe r t
less inf luence on  th e  V O T  o f  a  fo llow ing  s to p  than  did the  /s/  o f  th is  in 
the p resen t s tudy . In par t icu la r ,  the re  could be  no  ques tion  o f  resyllab­
ification d u e  to  c lu s te r in g .
In c o n c lu s io n ,  let m e  sa y  tha t in v iew  o f  the  d ifficulty  o f  ge t t ing  
o b je c t iv e  e v id e n c e  b e a r in g  on  the  n a tu re  o f  a p h a s ic  s p e e c h ,  1 w o u ld  hope  
tha t  w o rk  in th is  a r e a  c o n t in u e s .  H o w e v e r ,  it is im p o r ta n t  to  k e e p  in 
m ind  the  limits o f  w h a t  a c o u s t i c  f e a tu re s  can  tell us a b o u t  the  m e n ta l  
ac t iv i ty  w h ich  u n d e r l ie s  th e m .
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Conclusion
The following conclusions may be drawn from the preceding s tu d ie s .
1. The DF [±Voice] in English can be cued by acous t ic  p roper t ies  
res id ing in the preceding vowel.
2. There are a t  l e a s t  two d i s t i n c t  vocal ic  cues to [±Voice] 
in a following stop: vowel t r a n s i t i o n  and vowel length .
3. Vowel t r a n s i t i o n  i s  the more natura l of  the two cues.
This does not by any means exhaust the p o s s i b i l i t i e s ,  which may
be expanded in several d i r e c t io n s .  One avenue fo r  fu tu re  work would 
be to attempt a f ine -gra ined  study of the  vocal ic  spec t ra l  cues to 
stop voicing.  The s tud ies  reported here discuss  vowel t r a n s i t i o n  
as a s ingle  cue; however, i t  may be the case t h a t  the vowel t r a n s i t i o n  
contains the cue(s) .  Although we might f ind  t h a t  the l i s t e n e r  is 
merely responding to change in some acous t ic  proper ty of the t r a n s i t i o n  
(change = [+voice] ;  no change = [ -v o ic e ] ) ,  i t  might be the case th a t  
there  are several acoust ic  parameters in the vowel t r a n s i t i o n ,  each 
of which has cuing value.
In terms of a perception model, i t  i s  obviously important to 
know exact ly  what acoust ic  p roper t ies  the  l i s t e n e r  is  responding to .  
Furthermore, once we have i so la te d  such p ro p e r t i e s  we would want to 
ask how a given acous t ic  property becomes the  cue to a DF. To th i s  
end, i t  would probably be des irab le  to design psychological experiments 
in an attempt to determine the extent  to which such cue- fea tu re  r e l a t i o n ­
ships are innate ,  i . e . ,  whether the i d e n t i f i c a t i o n  of a p a r t i c u l a r  
cue with [±Voice] is  'wired in '  in the sense t h a t  speakers are born
41
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with i t ,  or whether they learn  the assoc ia t ion  through experience.
Such an experiment might take the form of present ing c a re fu l ly  con tro l led  
s timuli  to a group of in fan ts  over a considerable period of time.
This would be s im i la r  to  the experiment ca r r ied  out by Krause (1982), 
except t h a t  an attempt would be made to t e s t  a number of acoust ic  
parameters o ther  than Fal l ing  FI and vowel durat ion.
A second p o s s i b i l i t y ,  following the suggestion of  Wolf (1978), 
would be to  conduct experiments to  determine whether the same t r a n s i ­
t ional  e f f e c t s  might cue i n i t i a l  stops  as Well. Since, fo r  psychological 
reasons, the t r a n s i t i o n  a f t e r  a stop should be the mirror  image of 
the t r a n s i t i o n  before the  s top,  i t  seems qu i te  l ik e ly  t h a t  the post-  
consonantal t r a n s i t i o n  would a lso  be capable of cuing [±Voice], a t  
l e a s t  l a t e n t l y .
A th i rd  d i re c t io n  f o r  fu tu re  research would be to  examine the 
cues to [±Voice] in o the r  obs t ruen ts ,  i . e . ,  f r i c a t i v e s  and a f f r i c a t e s .
For example, [+Voice] f r i c a t i v e s  are sometimes produced without g lo t t a l  
pu lsa t ion  and [-Voice] f r i c a t i v e s  are sometimes produced with g lo t t a l  
p u lsa t ion .  I t  i s  reasonable to ask, then, s ince  n e u t ra l iz a t io n  d oesn ' t  
occur in these  cases ,  what acous t ic  property cues [±Voice]. The answer 
is  not as t ransparen t  as i t  i s  with stops because of the durational 
d i f fe rence  between [+Voice] and [-Voice] f r i c a t i v e s ;  i . e . ,  i t  is 
genera l ly  the case t h a t  [-Voice] f r i c a t i v e s  are longer than [+Voice] 
f r i c a t i v e s ,  sc t h a t  t h i s  d i f f e r e n t i a l  is  ava i lab le  as a cue. I t  would, 
however, be a simple matter  to design a perception experiment in which 
the duration of f r i c a t i o n  is  held constant  while those acoust ic  
p roper t ie s  which proved e f fe c t iv e  in cuing [±Voice] in stops might
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be var ied .  In f a c t ,  Raphael (1972) did j u s t  t h i s ,  demonstrating t h a t  
vowel durat ion has much the same cuing e f f e c t  before f r i c a t i v e s  as 
before s tops .  However, as f a r  as I know, no experiments comparable 
to  Walsh & Parker (1983), Krause (1982), Revoile e t  a l . (1982), or  
Raphael (1981) have been performed to determine the r e l a t i v e  values 
of vowel t r a n s i t i o n  and vowel durat ion as cues to [±Voice] in pos t ­
vocal ic  f r i c a t i v e s .
Such experiments might have cons iderable  l i n g u i s t i c  i n t e r e s t .
In the case of s tops ,  one might appeal to necess i ty  as the genesis 
of the  vocal ic  t r a n s i t i o n  as a cue to [±Voice] in pos t-vocal ic  s tops .  
I . e . ,  s ince g lo t t a l  pu lsa t ion  and re lease  are often missing a f t e r  
[-Tense] vowels in English,  the speaker must learn  to depend on some 
o the r  acous t ic  property ( e . g . ,  the FI t r a n s i t i o n ) .  (See Parker &
Walsh, 1981.) However, English f r i c a t i v e s  are much more l ik e ly  to 
be produced with the appropr ia te  g lo t t a l  a c t i v i t y  than are s tops .
While i t  i s  poss ib le  to  f ind  cases where the [±Voice] d i s t i n c t io n  
in English pos t-voca l ic  f r i c a t i v e s  is  not made in terms of g lo t t a l  
p u l sa t io n ,  in most cases g lo t t a l  pu lsa t ion  extends well in to  the f r i c a -  
t io n  of a [+Voice] f r i c a t i v e ,  and ends f a i r l y  ea r ly  in the f r i c a t i o n  
of a [-Voice] f r i c a t i v e .  Thus, i f  speakers genera l ly  i n t e r p r e t  the 
same vocalic  p roper t ie s  as voicing cues fo r  pos t-vocal ic  stops and 
f r i c a t i v e s ,  i t  wil l  be more d i f f i c u l t  to appeal to necessi ty  as the 
o r ig in  of such cues being employed, and correspondingly ea s ie r  to 
claim innateness .
Another d i re c t io n  f o r  fu tu re  research would be to in v e s t ig a te  
the  acous t ic  manifes ta t ion  of o ther  DFs. Such s tud ies  might prove
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to  be even more i n te re s t in g  l i n g u i s t i c a l l y  than the study of cues 
to [+Voice] in th a t  i t  is  more d i f f i c u l t  to argue fo r  many of the 
o ther  DFs being n a tu ra l ,  in any physiological  or acous t ic  sense. There 
is  l i t t l e  doubt th a t  the psychological r e a l i t y  of [±Voice] has an 
a c o u s t ic a l ,  and u l t im a te ly ,  a physiological  bas is .  Many languages 
c o n s i s t e n t ly  manifest t h i s  DF d i r e c t ly  by presence or absence of 
g lo t t a l  p u l sa t io n ,  and even in English s tops ,  the g l o t t i s  assumes 
a conf igura t ion  in which the appropria te  pu lsa t ion ,  or absence of 
pu lsa t ion  could occur even when no such c o n t r a s t  is  a c tu a l ly  made.
Other DFs, e . g . ,  [±Nasal],  a lso  have a d i r e c t ,  i f  not qui te  so t r a n s ­
paren t ,  r e la t io n sh ip  with the s ig n a l .  In d i s t i n c t io n  to t h i s ,  i t  
i s  not c l e a r  t h a t  anyone has ever demonstrated t h a t  the pu ta t ive  DF 
[±Anter io r ] ,  to use one of the more controvers ia l  of proposed DFs, 
has any such acoust ic  b a s is .  This is  not to say th a t  speakers don ' t  
mentally place a l l  the segments labe l led  [+Anterior] in to a s ingle  
c l a s s ,  merely t h a t  the term Anter ior  is  not revealing in the same 
way th a t  Voice i s .  I f ,  in f a c t ,  we were to f ind t h a t  there  is  some 
in v a r ian t  acous t ic  c o r r e l a t e  to a pu ta t ive  DF such as [±Anter ior] ,  
then we could claim with g re a te r  assurance th a t  speakers ac tua l ly  
c l a s s i f y  segments in terms of [±Anterior] ,  i . e . ,  t h a t  i t  has psycho­
logica l  r e a l i t y .
F in a l ly ,  we could extend the research on the r e la t io n sh ip  of 
DFs to acous t ic  cues to languages o ther  than English to determine 
to what ex ten t  these cues are  language-spec if ic .  The most in t e re s t in g  
r e s u l t  of such an expansion could be the e f f e c t  which such s tudies  
might have on a competence model. Let us assume, as I bel ieve to 
be the case ,  t h a t  we wi l l  be able to determine th a t  ce r ta in  acoust ic
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proper t ies  funct ion u n iv e r sa l ly ,  perhaps in n a te ly ,  as cues to DFs 
with which they have no apparent d i r e c t  r e l a t io n s h ip .  I f  i t  can be 
shown th a t  l i s t e n e r s  respond to such cues, then we must presume th a t  
a t  some level they 'know' th a t  property x corresponds to DF We 
would have no choice in t h i s  case but to incorporate  such 'knowledge' 
in to  any model of speaker competence.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
References
Anderson, S.R. (1981). Why phonology i s n ' t  n a tu ra l .  L inguis t ic  
Inquiry 12, 493-539.
Blumstein, S . ,  Cooper, W., Goodglass, H., S ta t iender ,  S . ,  G o t t l i eb ,  J .
(1980). Production d e f i c i t s  in aphasia: A voice-onset  time ana lys is  
Brain and Language 9, 153-170.
Chen, M. (1970). Vowel length va r ia t ion  as a funct ion of the voicing 
of the consonant environment. Phonetica 22, 129-159.
Chomsky, N. (1964). Current issues  in l i n g u i s t i c  theory . Mouton:
The Hague.
Denes, P. (1955). Effec t  of duration on the perception of voicing.  
Journal of the Acoustical Society of America 27, 761-764.
D ix i t ,  R. Prakash (forthcoming). A p h o to -e le c t r ic  g lo t tographic  
study of  Hindi consonants.  Indian L in g u i s t i c s .
Higgs, J .  & Hodson, B. (1978). Phonological perception of word-final 
obs truent  cognates.  Journal of Phonetics 6, 25-35.
Hogan, J .T .  & Rozsypal, A.J. (1980). Evaluation of vowel durat ion 
as a cue fo r  the voicing d i s t in c t io n  in the following word-final 
consonant.  Journal of the Acoustical Society of America 67, 
1764-1771.
House, A.S. (1961). On vowel duration in English. Journal of the 
Acoustical Society of America 33, 1174-1178.
House, A.S. & Fairbanks, G. (1953). The influence of consonant environ­
ment upon the secondary acoustical  c h a r a c t e r i s t i c s  of vowels.
Journal of the Acoustical Society of America 25, 105-113.
46
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
4 7
Javkin,  H.R. (1976). The perceptual bas is  of vowel durat ion d i f fe rences  
a ssoc ia ted  with the voiced/voice less  d i s t i n c t i o n .  Report of the 
Berkeley Phonology Laboratory, 78-92.
Krause, S.E. (1982). Vowel durat ion as a perceptual  cue to pos t-voca l ic  
consonant voicing in young chi ldren  and ad u l t s .  Journal of the 
Acoustical Society of America 71, 990-995.
Lehis te ,  I .  (1970). Suprasegmentals. M.I.T.:  Cambridge.
Liberman, A.M., D e la t t r e ,  P.C.,  & Cooper, F.S. (1958). Some cues fo r  
the d i s t i n c t i o n  between voiced and vo ice less  stops  in i n i t i a l  
p o s i t io n .  Language and Speech 1, 153-167.
O'Kane, D. (1978). Manner of vowel terminat ion as a perceptual cue 
to the voicing s ta tu s  of pos tvocalic  stop consonants.  Journal 
of Phonetics 6, 311-318.
Parker,  F. (1974). The c o a r t i c u la t io n  of vowels and stop consonants.  
Journal of Phonetics 2, 211-221.
Parker,  F. (1977a).  D is t in c t iv e  f ea tu re s  and acous t ic  cues. Journal 
of the Acoustical Society  of America 62, 1051-1054.
Parker,  F. (1977b). Perceptual cues and phonological change. Journal 
of Phonetics 5, 97-105.
Parker,  F. (1979). Devoicing of word-final s tops .  Speech Communication 
Papers Presented a t  the Ninety-Seventh Meeting of the Acoustical 
Society of America (Wolf, J .L .  & K la t t ,  D.H., Eds . ) ,  pp. 167-170. 
New York: The Acoustical Society of America.
Parker,  F. & Walsh, T. (1981). Voicing cues as a function of the
te n se / la x  d i s t i n c t i o n  in vowels. Journal of Phonetics 9, 353-358.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
4 8
Pulgram, Ernst.  (1970). S y l lab le ,  Word, Nexus, Cursus. Mouton:
The Hague.
Raphael, L .J .  (1972). Preceding vowel durat ion as a cue to the per­
ception of  voicing of  word-final consonants in American English. 
Journal of the Acoustical Society of America 51, 1296-1303.
Raphael, L.J .  (1975). The physiological  control of  durat ional 
d i f fe rences  between vowels preceding voiced and voiceless  
consonants in English.  Journal of Phonetics 3, 25-33.
Raphael, L.J .  (1981). Durations and contexts  as cues to word-final 
cognate opposit ion in English. Phonetica 38, 126-147.
Repp, B.H. (1981). On lev e l s  of desc r ip t ion  in speech research.  
Journal of the Acoustical Society of America 69, 1462-1464.
Revoile,  S . ,  P ic k e t t ,  J .M.,  Holden, L.D.,  & Ta lk in ,  D. (1982).
Acoustic cues to f in a l  stop voicing fo r  impaired- and normal- 
hearing l i s t e n e r s .  Journal of the Acoustic Society  of America 
72, 1145-1154.
Social Science C i ta t ion  Index. I n s t i t u t e  fo r  S c i e n t i f i c  Information, 
Phi ladelphia  (1982).
Wolf, C.G. (1978). Voicing cues in English f in a l  s tops .  Journal 
of Phonetics 6, 229-309.
Zimmerman, S.A. & Sapon, S.M. (1958). Note on vowel durat ion seen 
c r o s s - 1 i n g u i s t i c a l l y . Journal of the  Acoustical Society of 
America 30, 152-153.






Date of b i r th :
Speech and Hearing Cl in ic  
Louisiana S ta te  Universi ty  
Baton Rouge, LA 70803 
Phone: (504) 388-2545
P.O. Box 182 




Ph.D. in L in g u is t i c s ,  Louisiana S ta te  Univers i ty ,  1984. 
M.A. in L in g u is t i c s ,  Louisiana S ta te  Univers i ty ,  1981. 
M.A. in English, Louisiana Sta te  Univers i ty ,  1974. 
M.M.Ed., Louisiana Sta te  Universi ty ,  1963.
B.S. in Music, University of Texas a t  Aust in, 1957.
Professional  Experience
Graduate Teaching A ss is ta n t ,  English Department, LSU, 1978-84. 
Teacher,  public schools of Texas and Louis iana,  1957-78.
College Courses Taught
English 2010, Descr iptive English Grammar (an in troductory 
course in Transformational Syntax).
Speech 2050, Introduction to Language (an in troduct ion  to modern 
1i n g u i s t i c s ) .
English 1001, 1002, Freshman Composition.
English 0003, 0006, Remedial Composition.
49
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
50
Publicat ions  in Refereed Journals
"Modelling Temporal Relations within English Sy l lab les . "
Journal of Phonetics 12 (1984): 29-35. Abstracted in 
Language and Language Behavior Abstracts  (forthcoming).
"Vowel Length and Vowel Trans i tion:  Cues to [±Voice] in 
Post-vocal ic  Stops" (with Frank Parker) .  Journal o f .
Phonetics 11 (1983): 407-412. Abstracted in Language 
and Language Behavior Abstracts  (forthcoming).
"Voice-Onset Time as a Clue to the Nature of Broca Speech 
Erro rs ."  Brain and Language 19 (1983): 357-363.
Abstracted in Language and Language Behavior Abstracts  
(for thcoming).
"The Duration of Morphemic and Non-Morphemic / s /  in English"
(with Frank Parker) .  Journal of Phonetics 11 (1983): 201-206. 
Abstracted in Language and Language Behavior A b s t r a c t s .
"Consonant Clus ter  Abbreviation: an Abstract Analysis" (with 
Frank Parker) .  Journal of Phonetics 10 (1982): 423-437. 
Abstracted in Language and Language Behavior Abstracts
"Blocking Alveolar Flapping: a L ingu is t ic  Analysis" (with
Frank Parker) .  Journal of Phonetics 10 (1982): 301-314. 
Abstracted in Language and Language Behavior A b s t r a c t s .
"Vowel Length and 'Voicing'  in a Following Consonant" (with 
Frank Parker) .  Journal of Phonetics 9 (1981): 305-308.
"Vowel Termination as a Cue to Voicing in Post-vocal ic  Stops"
(with Frank Parker) .  Jouranl of Phonetics 9 (1981):
105-108.
Forthcoming A r t ic le s
"A Review of the Vocalic Cues to [±Voice] in P o s t -v o c a l ic  
Stops in English" (with Frank Parker) .  Journal of 
Phonetics 12 (1984).
"Dative Revisi ted:  a New Lock a t  Dative Movement." L i n g u i s t i c s .
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
51
Papers Read a t  Professional  Meetings
"X-Bar Syntax and Montague Semantics." L inguis t ic  Association 
of the Southwest, October,  1983.
"Abbreviation of Consonants in Clus ters :  a Condition on the 
Temporal S t ruc tu re  of Syl lables"  (with Frank Parker) .  
Acoustical Socie ty  of America, Fall Meeting, 1981.
"Blocking of Alveolar Flapping: a Prosodic Phenomenon" (with
Frank Parker) .  Acoustical Society of America, Fall Meeting, 
1981.
"The Tense/Lax D is t inc t ion  in Vowels as a Pred ic tor  of Voicing 
Cues fo r  F ina l ,  Post-vocal ic  stops" (with Frank Parker).  
Acoustical Society of America, Fall Meeting, 1980.
"Vocal Fry: a Cue fo r  Voicing in Post-vocal ic  Stops" (with 
Frank Parker) .  Acoustical Society of America, Spring 
Meeting, 1980.
E d i to r ia l  Experience
Review manuscripts fo r  Brain and Language.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
EXAMINATION AND THESIS REPOP-T
Candidate: Thomas F. Walsh
Major Field: L i n g u i s t i c s
Title of Thesis. St ud i os  in t he  R e l a t i o n s h i p  between D i s t i n c t i v e  F ea t u r e s
and Acous t i c  Cues
Approved:
( Major Professor
Dean of the Graduate School
EXAMINING COMMITTEE:
' _ 2{0
UJ c lA <  (u ^ 0 .  *£<,
Date of Examination:
June 29,  1984
R e p ro d u c e d  with p erm iss ion  of  th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
